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Editor 
Ray Osterwald, NODMS 


Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 
1989 by Barry Wiseman (N6CSW, SK), the magazine continues 
publication for those who appreciate the value and excitement 
of operating vintage equipment and the rich history of radio. It 
is hoped that the magazine will provide inspiration and 
encouragement to collectors, restorers and builders. It is 
dedicated to the generations of radio amateurs, experimenters, 
and engineers who have preceded us, without whom many 
features of life, now taken for granted, would not be possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain 
to vintage equipment and operating with a primary emphasis 
on AM, but articles on CW, SSB, and shortwave listening are 
also needed. Photos of hams in their radio shacks are always 
appreciated. We invite those interested in writing for ER to 
write, email, or call. 


Some Regular Contributors Include: 
Tom Marcellino (W3BYM), David Ishmael (WA6VVL), Gary Halverson 
(K6GLH), Larry Will (W3LW), D.S. “Jeep” Platt (K3HVG), Joe Long 
(WA2EJT), Jeff Covelli (WA8SAJ), Mike Bittner (W6MAB), Mike 
Murphy (WU2D), George Misic (KE8RN),; Dave Gordon-Smith 
(G3UUR), Pat Griffin (AA4PG), Phil Legate (ACOOB) 
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Editor’s Comments 

29 Years for Electric Radio 

This issue marks the beginning of the 29th year 
of publication for Electric Radio, so next year is the 
30th. That is the same amount of time that QST 
was published from its 1915 beginning until the 
end of WWII! I am already planning ona special —J 
issue for next May. 

Internet Sales Tax? 

At the time of this writing, the U.S. Supreme Court may have already heard 
arguments and could be debating the outcome of a new, long contested internet 
sales tax law. Because it’s been kept out of the news media, I had no idea it had gone 
this far. As I understand it, once it’s reached the Court pleas to elected legislators 
can only be for a law prohibiting such a sales tax. If this is allowed, anyone doing 


internet business will be required to file and submit payments to each separate state 
where sales are made. Maybe for huge corporations like Amazon, or whatever, it 
would just become some computer’s program, but for small operations like Electric 
Radio this would be intolerable, due to the time required to collect the payments 
and deal with each state’s bureaucracy — such as having to pay 4 cents for a $12.00 
on-line purchase. Would we also need to apply and pay for sales tax licences in all 
states? Our web site would need to be revised, which would be another unexpected 
expense. If it happens we will have to consider discontinuing the ER Bookstore that 
we depend on for part of our income to keep ER in circulation. Thanks to Benjamin 
Franklin, magazine subscriptions are exempt — at least for now — but that can always 
change when the National debt becomes as large as GDP and governments become 
increasingly desperate for revenue. 
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The “Swedish Set” that Never Was! 


A complete W/T station in a suitcase that was secretly mass 
produced for an underground army in occupied Norway 
during WWII. 


By Dave Gordon-Smith, GZJUUR 
The Chalet 
Bell Road, Rockland St. Peter 
Attleborough, Norfolk 
UK NR17 1UL 
daveg3uur@gmail.com 

You may wonder why a radio set 
produced in Norway during the Second 
World War would be called the “Swedish 


Set” by some when it obviously wasn’t 


made there at all. The reason becomes 
clearer when you discover that it was 
made for Milorg, the secret underground 
army of the Norwegian Home Front, 
and the last thing they would want is for 
the occupying forces to find out what 
they were doing and start looking for the 
factory. So, those manufacturing the set 
disguised them to make them look as if 
they were produced in Sweden but, of 


ssa 


Figure 1: OLGA, the Norwegian underground Army suitcase set, opens to reveal a 


complete wireless telegraphy station. 
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course, they weren’t. 
The border between 
Norway and Sweden 
is quite long and illicit 
cross-border trade was 
common throughout 
the war, so neither the 
Gestapo, nor the 
Abwehr, would have 
been surprised to find 
the odd Swedish radio 
set in Norway; it was a 
ploy well worth trying 
to throw them off the 
scent in case any sets 
were ever captured — 
and some were! The 
name given to this 
clandestine suitcase set 
was OLGA” and over 
70 were manufactured 
in Oslo by half a 
dozen, OF) (oso, 
Norwegian patriots 
led by Salve Staubo. 
He had planned to 
fiake ovat) cleasty|)a 
hundred but obtaining 
a good supply of parts 
was a continual 
problem as the project 
progressed, and more 
and more sets were 
built using up his 
precious stock of components. This was 
particularly true for the transmitter tubes, 
vibrators, knobs and headphones. 
Requests for parts from the UK had a 
very long turn-around time and deliveries 
could be delayed for many, many months 
because of bad weather. 

A few OLGA suitcase sets have survived 
in Norway, some in private hands and 
one in the Norwegian Resistance Museum 
in Oslo, as well as the odd one or two in 
private collections around the world. 
They're rather hard to come by these 
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Figure 2: OLGA suitcase set as operated standing on end, 
showing the receiver (top), transmitter (middle) and power 
supply unit at the bottom. Interlinking leads between units 
are all fairly short. (Note, no ground lead is connected to the 
transmitter in this photograph.) 


days and as a consequence are quite 
expensive. If you're into building replica 
spy sets this one might be a good step up 
from a Whaddon Mk.VII. The photo in 
figure 1 shows a replica of an OLGA 
suitcase set built by the late Eric H. 
Mortimore (G3DKH) back in about 
1989/1990 — as you can see, building 
replicas of spy sets is not that new! Figure 
2 is a shot of the set standing on end 
ready for operation. The unit at the top is 
the receiver, with the transmitter 


immediately below it and the power unit 
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at the very bottom. All interlinking 
connections are fairly short. The longer 
wires that are visible draped across the 
face of the plate current meter are the 
headphone leads and the twisted pair 
going to the sockets in the middle of the 
lower part of the transmitter front panel 
are from the key. Before we get into the 
technical details, though, perhaps a bit of 
background information may be in order. 
Milorg 

Milorg was, by far, the largest of a 
number of Norwegian resistance 
organisations and had been set up in 
early 1941, mainly by former soldiers 
from the then-disbanded Norwegian 
Army. It covered much of southern 
Norway and was controlled from Oslo. 
Its primary objective was to provide an 
underground army that was ready to rise 
up in support of an Allied expeditionary 
force should one land to liberate Norway 
at any time. Their objectives were quite 
different to those of SOE in the early 
years of the war and, initially, there was 
a great deal of friction between the two 
organisations and little or no co- 
operation. From its inception, SOE had 
tried to organise resistance cells in Norway 
for subversive activities and sabotage, 
but Milorg was one group that resisted 
SOE’s attempts to bring it under their 
wing and control it. In the early years of 
the war SOE’s objectives were to hamper 
German war supplies from Norway, such 
as metal ores from the northern region 
and heavy water from Vermork, whereas 
Milorg wanted to build up its strength 
and lie low until needed for the liberation 
struggle. They were also worried about 
reprisals against the civilian population 
should they be engaged in acts of sabotage, 
so they resisted SOE’s attempts to involve 
them. SOE must also have been worried 
about reprisals to a certain extent because 
they recruited volunteers from amongst 


4 Electric Radio #348 


the Norwegian armed forces in Britain 
for their major operations in Norway 
and these soldiers (the Linge Company) 
always entered the country in uniform 
and left clues that the sabotage had been 
carried out by external forces. 

Milorg resented SOE’s attempts to 
control it and eventually sought 
recognition from the Norwegian 
government-in-exile in London to try 
and avoid SOE’s influence. Milorg was 
formally recognised as a legitimate branch 
of the Norwegian military in November 
1941. The government-in-exile put the 
organisation under the control of the 
Norwegian High Command in London 
and even then SOE tried to use their 
contacts with individuals in the High 
Command and Norwegian Ministry of 
Defence to influence Milorg policy. This 
made for rather frosty relations 
throughout most of 1942. Towards the 
end of that year, though, relations began 
to improve and in September SOE sent a 
wireless operator and radio equipment to 
Norway so that Milorg could 
communicate directly with their High 
Command in London. However, the 
wireless operator was arrested within a 
few weeks of arriving and Milorg lost its 
only radio link with London. This was 
around the time that Salve Staubo took 
over as head of communications for 
Milorg, following the arrest of Jacob 
Somme, the former communications 
chief. Prior to that Milorg would have 
had little or no access to radio equipment. 
So, it’s not surprising that Milorg’s leaders 
jumped at Staubo’s offer to produce a 
number of radio sets specifically for their 
own communications within Norway. 
There was an) urgent Mneedi mor 
communications with the outlying 
districts and at that stage in the war they 
could also have done with one or two for 
direct contact with London, though SOE 


May 2018 


would later supply them with Type 3 
Mk.II sets (the famous B2) for their links 
to the UK. 
The Background to OLGA 

In the late 1930s, Salve Staubo was 
running a radio business in Oslo 
manufacturing domestic broadcast sets 
and, following the declaration of war in 
September 1939, had the foresight to 
stock up on components that were not 
made in Norway. Not that many were 
back then, and he was heavily reliant on 
imported foreign parts. After the invasion 
of Norway in July 1940, all transmitting 
equipment and associated tubes were 
confiscated by the German military and 
the following year all domestic radio sets 
were rounded up as well, except those 
belonging to Nazi party members. 
Staubo’s company, Hovding Radiofabrikk, 
was contracted to service all these 
confiscated domestic receivers before they 
were sent to Germany -— radio 
manufacturers there were concentrating 
on war production and very few, if any, 
new domestic broadcast sets were being 
produced. As a result of this service 
contract, Staubo was able to add a few 
more useful components to his stock by 
unnecessarily replacing hard-to-get 
components like tubes and knobs. He 
could requisition components from the 
Germans as long as his requests didn’t 
seem unreasonable. At one point he was 
servicing a thousand sets a month, so 
quite a few extra components could be 
obtained in this way without raising 
suspicion, but never enough! 

OLGA Production 

Arne Hannevold (LA5K) was Salve 
Staubo’s laboratory assistant and he was 
the one who designed the original OLGA. 
He also built the first prototype, which 
was completed by March 1943. Then, 
others became involved in what was to 
become a modest mass production of 
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these sets. Components, such as power 
transformers, tuning capacitors and IF 
transformers, which were made by 
Staubo’s company had to be disguised by 
making physical changes so they couldn’t 
be identified as having come from his 
factory. For example, Hovding’s round 
IF transformers were put in cans with a 
square cross-section so they looked quite 
different. Their power transformers and 
tuning capacitors were also modified 
slightly to change their appearance. 

Zinc was used for manufacturing the 
new IF transformer screening cans. These 
were made after hours by Staubo and his 
works manager, Ragnar Strand. The 
transmitters and power supplies were 
assembled in the cellar of Harry 
Kongshavn’s home in Oslo. Harry worked 
at the Elektrisk Bureau (EB) telephone 
factory and along with one of his 
colleagues, Finn Willoch, made parts for 
the Morse keys there. This key was 
specially designed by Willoch for the 
OLGA project, but EB continued to make 
it after the war for use with their own 
equipment. 

Salve Staubo and his cousin, Johan 
Gundersen, assembled the receivers on 
the kitchen table at Salve’s flat in Oslo. 
Others involved in the assembly work 
and the dangerous job of transporting 
components and finished units around 
Oslo were Harry’s son, Hermann 
Kongshavn, and Ove Johan Hort. 
Initially, Arne Hannevold did the 
alignment and final testing of the OLGA 
units in the laboratory at the Hovding 
factory, but later Ralph Eide of EB was 
recruited and he did the final alignment 
and testing in Harry Kongshavn’s cellar, 
which was a far safer place to do it because 
it cut down quite considerably on the 
risky business of having to transport units 
across Oslo to the factory. Random spot 
checks and road blocks always made this 
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a very dangerous task. There was also a 
bolt-hole known as the “Grave” that had 
been excavated out from behind the cellar 
wall, which made an excellent secret 
storage room. The whole thing was very 
well organised and their luck held until 
very | Neary the end) Wor imchermiwan 
Unfortunately si; somenuotgeidarry 
Kongshavn’s contacts had been arrested 
towards the end of 1944 and he was 
worried they might not be able to hold 
out under torture, so he fled across the 
border to Sweden as a precautionary 
measure. Apart from this, they did 
remarkably well and would have produced 
many more sets had they been able to 
acquire a good supply of components 
when they needed them. 
OLGA Modules and Circuitry 

The set comprises 3 units; the receiver, 
transmitter, and an AC/DC power 
supply. Eric (G3DKH) built his OLGA 


TRANSMITTER 


replica before any really detailed 
information was available, so his units 
are slightly different in layout and 
appearance to the war-time ones. He had 
the schematics and dimensions for the 
transmitter and receiver, but I’m unsure 
whether he knew that the single original 
power supply module could run off either 
AC mains or 6V DC. In any event, he 
built separate AC and DC power supplies, 
as illustrated in figure 3, and consequently 
they came out a bit lower in height than 
the original single power supply. The 
units are all a standard width, though 
Eric’s suitcase appears to have more space 
for the headphones and key down the 
left-hand side compared with other 
pictures I’ve seen of the original sets. 
The war-time OLGA sets were built 
using tin plate from old oil drums because 
there was a shortage of other metals. Eric 
used aluminium instead, though it’s 


RECEIVER 


Figure 3: These replica OLGA units were built by the late Eric Mortimore, G3DKH. 
Note that the original power supply was a single unit catering for both AC mains and 
6V DC from a battery and not separate units as built by Eric. 
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OLGA TRANSMITTER CIRCUIT 
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Figure 4, OLGA Mk.II Transmitter Circuit: The main difference between the first 
version and the Mk.II is the tritet circuit in the cathode of the 6L6G power oscillator 


for harmonic operation. 


obvious from his notes that he knew tin 
plate was used for the original version. 
He also appears to have built a cross 
between the Mk. I and Mk. II receiver 
designs, possibly to suit what he had in 
his junk box. The tubes used in the early 
receiver design are very common in the 
UK, even today, whereas the ECH21 
tubes used in the Mk. II are not. 

Like many clandestine sets of the era, 
the transmitter owes a lot to Fred Sutter’s 
“Runt 40” and, as in the W8QBW design, 
it uses a single 6L6G as a power oscillator, 
albeit with the option for operating it as 
a tritet with S1 open, as shown in the 
transmitter circuit — see figure 4 - or 
straight through with S1 closed. This 
circuit is for the Mk. II version of the 
transmitter, the earlier design having been 
for fundamental operation only, with no 
tuned circuit in the cathode. From the 
schematic, you ll note that the frequency 


Electric Radio #348 


of L1 in the cathode of the 6L6G can be 
tuned by a 25-100 pF variable, or shorted 
out by switch S1, according to the crystal 
and output frequency in use. The 
frequency range of the Mk. II is quoted as 
3.5 to 18 Mc/s, whereas the original 
version with no tritet circuit in the cathode 
covered from 3.5 to 9.1 Mc/s. In both 
versions the tank circuit is a standard pi 
network with a number of taps for 
different frequencies and _ load 
impedances. 

In addition to all the usual front panel 
controls, the transmitter also provides all 
the switching necessary for changing from 
transmit to receive, and the power to the 
receiver is routed through it - you ll notice 
in figure 5 that the transmitter has an 
octal socket on the upper left-hand side 
of the front panel to mate with the flying 
octal lead from the receiver above it. The 
flying lead seen dangling from the lower 
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left-hand side of the 
transmitter front panel 
plugs into the octal 
socket on the power 
supply. The switch, S1, 
for shorting out the tritet 
tuned circuit in the 
6L6G cathode circuit 
and the knob for tuning 
it are just below the PA 
current meter on the left 
and then across to their 
right are the crystal 
socket, sockets for the 
external key, and the PA 
tuning and loading 
controls with numbered 
skirts. The two chicken- 
head knobs above them 
are for the send-standby- 
receive switch and the tap 
selection switch on the 
PA coil. Just below them 
is the antenna current 
lamp (the one between 
Al and A2 on the circuit diagram). 
The four white 4mm sockets along the 
top of the transmitter front panel on the 
right are for GND, Rx Ae, Al and A2. 
The antenna wire can be connected to 
Al or A2 depending on whether the 
antenna current needs to be monitored, 
or not, such as for tuning. That toggle 
switch above the right-hand side of the 
PA current meter is a modification done 
by Eric, possibly to monitor his own CW 
at a more comfortable level or for netting 
PErposes,. el oe 
photographs | was given didn’t have any 
details of what he did, unfortunately, 
and his widow had disposed of his replica 


long before I was contacted, so I had no 


paperwork and 


opportunity to trace out the wiring in his 
replica set. Figure 6 is a shot of the rear 
of the transmitter unit and if you compare 


this with photos of war-time OLGA sets 
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Figure 5: Front view of the transmitter unit showing the 
control and socket layout — the lamp located below the two 
chicken-head knobs (PA inductor tap and send-receive 
switches) and above the PA tune and load controls on the 
right-hand side of the front panel is for monitoring antenna 
current. The tritet tuning control is just below the plate 
current meter. 


you ll see that Eric was unaware of the 
fact that the 6L6G was mounted 
horizontally in the original. 

The HT voltage doesn’t seem to be 
mentioned on any of the information 
I’ve seen, but I would expect it to be 
around 325 to 375 volts. This voltage is 
fed to the receiver via an 8k, 6W dropper 
resistor, so I’d estimate that draws 20 to 
25 mA and is intended to run at 200 to 
250V HT. The PA plate current meter is 
not specified on the circuit diagrams 
either, but a request for parts sent to 
London asks for 100 mA meters, and 
that would seem to be a reasonable FSD 
for this application. 

The Mk.II receiver circuit presented in 
figure 7 is a “supergainer” with a twist. 
As well as the mixer/oscillator (a triode- 
heptode type ECH®? Py) there mam 
additional IF stage (the heptode section 
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of a second ECH21) 
and the detector (half 
of a 6C8G) is not 
regenerative - the 
other half of the GC8G 
is used asa BFO. There 
may well be an error 
on the diagram I’ve 
got, as ’m sure the 465 
kc/s coil ought to be 
grounded to givea DC 
return for the cathode 
of that 6C8 BFO 
unless this circuit 
works in some novel 
way. The bottom of 
the second IF 
transformer feeding 
the 6C8 detector grid Figure 6: Rear view of the replica transmitter unit made by 
also needs a ground, G3DKH. Notice how Eric has mounted his 6L6G vertically, 
so where that vertical whereas in the original OLGA it was mounted horizontally. 
line crosses. the 

horizontal ground line 


sess SC8G  ECH21TR. 


H/D PH. 


GND i 
BHT 3 [| 
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Figure 7, Circuit Diagram of the OLGA Mark II Receiver: The 10k-ohm potentiometer 
in the cathode of the second ECH21 is the only gain control and provides extra bias 
to both sections of the second ECH21 heptode/triode to reduce the overall gain of the 


receiver. 
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it’s probably missing a 
connecting dot. 

The final stage of the 
receiver uses the tri- 
ode section of the sec- 
ond ECH21 to pro- 
vide some audio am- 
plification and drive 
high impedance head- 
phones. 

As you'd expect in 
such a simple design, 
there is no automatic 
gain control. The gain 
of the set is varied by a 
10k potentiometer in 
the cathode of the 
second POrer 
heptode section. This 
applies extra bias to 
both the heptode and 
triode sections as the 
potentiometer is increased in resistance 
and lowers the overall gain of the receiver. 
The photograph of the receiver unit front 
panel in figure 8 gives an idea of its 
layout. Unfortunately, Eric did the front 
panel lettering in white and it doesn't 
show up too well against the light 
background. It shows up better on the 
black dial, so you should be able to see 
that it covers two ranges, 3.5 to 7.0 and 
7 to 16 Mc/s. Eric used an old war-time 
British Muirhead dial for his replica. 
These have various reduction ratios, 
though the ones I have in my junk box all 
seem to be around 50:1. I suspect that 
Staubo used whatever he could find and 
there may well have been some variation 
in the reduction ratios used as well as the 
appearance of the receiver dials from set 
tOrser. 

Figure 9 shows a photo of the back of 
Eric’s receiver, exposing the fact he used 
ECH35 tubes rather than the ECH21 
triode/heptodes specified for the Mk II. 
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Figure 8: This front view of the OLGA receiver unit shows the 
main tuning knob on the right with scales and registration 
marks on opposite sides of the dial for the two bands that the 
receiver covers. The round, light coloured knob on the lower 
left is the 10k-ohm gain control. 


In the true spirit of the original design, 
though, Eric used whatever he found in 
his junk box, or could scrounge from 
others. 
Building a Replica 

Although information about OLGA 
was scarce back when Eric (G3DKH) 
built his replica, nowadays we have the 
benefit of vintage radio magazine articles 
and information on the internet to go by. 
In 1991, Erling Langemyr (LA3BI) wrote 
an article about OLGA which appeared 
in the October/November edition of 
Radio Bygones. believe this was what 
prompted Ray Coley (G3IFF) to build a 
replica and on the 7th of November, 
1994, he went out portable with his set 
and worked Eric, G3DKH, who was also 
using his OLGA — the QSL card for this 
contact is shown in figure 10. According 
to the note on the other side of the card, 
Ray had gone out portable to 
commemorate all the courageous 
resistance wireless operators who had used 
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OLGA and other 
clandestine suitcase 
Sets in ..saumplar 
circumstances during 
WWII. He strung up 
an end-fed wire 
between two trees in 
Leigh Park Gardens in 
Havant, Hampshire, 
and operated on 80M 
CW for the afternoon. 
I know he operated 
portable like this on a 
number of occasions 
and heard a funny 
story about one 


PT i Mii aijssiesiini 


particular time whena Figure 9: Rear view of the receiver unit exposing Eric’s use of 
member of the public ECH35 hexode/triodes, with top caps, instead of the ECH21 
thought he was a spy heptode/triodes used in the original OLGA Mark II. 


and reported him to 

the police! Talking his way out of that 
caused him a certain amount of bother, | 
believe, and I’m not sure whether he ever 
went out portable again. 

The technical and mechanical details 
given in Erling Langemyr’s 1991 Radio 
Bygones article are insufficient to build a 
replica without a bit of guesswork and 
some improvisation, but he has been 


G3IFF/P 


RAY COLEY, 3, THRUXTON ROAD, 
LEIGH PARK, HAVANT, 


ee 
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HAMPSHIRE, ENGLAND 
oo 


Figure 10: This is the QSL card sent to Eric (G3DKH) by Ray 
Coley (G3IFF), confirming their OLGA to OLGA contact on 
80m CW when Ray was portable in Leigh Park Gardens, 
Havant, Hampshire back in November 1994. 


giving IKOMOZ more detailed 
information for replica builders and the 
schematics and technical drawings for an 
OLGA project have been appearing 
gradually on www.gqsl.net/ikOmoz. Last 
time I looked the list of drawings wasn’t 
complete, but what’s appeared there so 
far is sufficient to get the receiver unit up 
and running and to start collecting bits 
for the transmitter. There 
are also sites 
displaying photos of the 
original war-time sets, so 
it’s worth doing a search to 
get an idea of how they 
varied according to what 
was available to make them. 
It might help you decide 
what's appropriate if 
you ve got to make a 
difficult choice with regard 
to what dial, meter, knobs, 
etcetera, (to ‘tise?! in)/your 


several 


Poq- 44 


replica. 
Good luck and, above 
all, have fun! ER 
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Life Extension of the Navy 
AN/ARC-2() HF Transceiver 


By Jeep Platt, KZ3HVG 
Monrovia, MD 


jeepp@comcast.net 


The US. Navy's 
RT-91/ARC-2 and 
SEP ALT Te eU Ora at 
HF transceivers, the 
Setiip sara K SVG 


(shown in the cover 


photo on this issue), were introduced at 
the end of WWII. It was used in a number 
of Navy aircraft well into the 1950s and 
appears to have done a reasonable job as 
an HF liaison set, all said. This 8 channel 
radio set tunes from 2 through 9.020 
MHz in four bands and operates at a 
power level of between 15 and up to 
perhaps 35-40 watts, on a good day. 
Frequency is determined by a Collins 
design PTO (VFO), transmitter and 
receiver frequency multipliers, and a 
variable frequency receiver IF that tunes 
from, 1,0,,to).5..MELZ, Seema 
accommodates AM, CW, and MCW and 
has an internal 100 kHz calibrator. The 
system was designed to operate into fairly 
short wire-type antennas, but I'll have 


Ww Electric Radio #348 


more about this later. The ARC-2 might 
well be one of the first real HF transceivers 
as all frequency determining circuits are 
generated from a common source and 
with one master frequency dial. The ARC- 
2 also ushered in the multi-channel, 
remotely operated complete HF airborne 
station requiring no radio operator. 
Previous radio sets either had only one or 
two pre-set channels or as mentioned 
above, required the presence of a radio 
operator to retune and/or QSY the 
receiver. As technical requirements and 
additional capability rendered obsolete 
such sets as the ARC-2 and ART-13, 
etc., they were replaced by radio sets such 
as the Collins 18-S( ), the ARC-38 and 
ARC-65, and later 618-() systems. But, 
for a time, the ARC-2 did a good job 
replacing the ARC-5, and such, systems 
in smaller to medium Navy aircraft, 
especially where no radio operator was 
present. Although the technical manual 
references the USAF and that these radio 
sets did sometimes come through USAF 
surplus channels (mid 1960s), I 
personally know of no USAF aircraft 
that had the ARC-2( ) organic to its 


May 2018 


avionics suite in the 1950s thru the 1960s. 
That is not to say that the USAF could 
not have, at some point, acquired a Navy 
aircraft with an ARC-2( ) installed. 
Documentation indicates that the ARC- 
2() was installed in Navy H-25, UH- 
341D7GH-37G) P=2, P+5, S-2, AF-2W, 
F6F-5, PBM-5S, PBY-GA, R6D-1, 
SB2C-5, and TBM-3S airframes. As an 
aside, one can’t overlook the stark 
similarities in mechanical and electrical 
design of this radio and the Collins R- 
105( ) /ARR-15 receiver. 

Normally dynamotor powered, the unit 
requires a nominal 500 VDC at about 
280 mA peak, 250 VDC at about 130 
mA and 28 VDC' at about 20 amps 
(using both the dynamotor and autotune) 
or 28 VDC at about 8 amps if only 
filaments and an occasional autotune 
sequence are contemplated. Inrush 
current using the dynamotor is published 
to be GOA for .5 seconds at turn-on. The 
dynamotor runs continuously so inrush 
must be accommodated but once. All 
vacuum tubes in the unit are 12V types 
anu@e@merate. in a. series/parallel 
configuration. Tubes consist of run-of- 
the-mill metal type receiving tubes? and 
four type 1625 power tubes; 2 in the 
modulator and 2 in the final amplifier 
stages. Modulation is high-level and 
sounds fine with a good carbon or carbon- 
compatible microphone®. The amplified 
D-104 will not work with this radio 
owing to the particular carbon mic bias 
circuit configuration. The differences 
between the RT-91 and RT-298 
schematically are few but the physical 
design of the RT-298 transmitter output 
tank circuit is different from the RT-91. 
The RT-298 also omits the output power 


meter switch and measurement feature 
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but adds a front panel spare fuse 
container. Most RT-91 units were later 
modified to include these spare fuses. 

With the exception of the setting and 
interaction of the ANTENNA TUNING 
and COUPLING controls, all others are 
easy to fathom. If you have an RT-91 
(only) there is a meter toggle switch 
selecting ANT or PLATE. The ANT side 
may or may not be functional as the 
thermocouple was very delicate and many 
are found to be inoperative. In the lower 
right hand corner, there is a toilet seat 
cover over an RF gain control. There is a 
book procedure of adjusting it but I 
recommend simply setting it full CW, at 
maximum. The COUPLING control is 
single-turn with 180 degrees of rotation 
and it adjusts a variometer within the 
unit. The ANTENNA TUNING 
controls consist of a tuning knob, and 
two indicator dials that operate in tandem. 
The left dial is calibrated 1-10 and 
indicates which tap is in use and the 0- 
100 dial indicates the tuning within the 
given tap setting. When tuning, the dials 
will be seen to turn together. Tuning 
occurs whenever the ANTENNA 
TUNING dial is within a tap range. 
When moving up or down to the next 
tap, the transmitter will un-key until the 
next tap range is dialed in. 

Given the era in which this radio set 
was to be operated, Collins Radio’s design 
was to accommodate this and other similar 
period radio sets. One salient point is 
that radio sets such as the AN/ARC-5, 
the SCR-274-N, and the ARC-8, and 
ARC-25, for example, all utilize VFO- 
derived frequency settings. As such, the 
accuracy and autotune resetability of 
receivers and transmitters becomes a 
factor. To account for potential variations 
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in frequency determination, receiver B+ voltages were obtained from a Heath 
bandwidth had to accommodate such HP-23 AC power supply and the 8A, 
variations from assigned frequencies. | 28V supply was home-brew. The actual 
Therefore, the design bandwidth of the —_ voltages applied were 220V and 620V, 
AN/ARC-2() receiver is published to be _ respectively. I understand that some have 
from 9 to 20 kHz at 6 dB down. _ been able to stuff an AC supply in the 


Understand that this specification is the | dynamotor’s well but I chose not to go 
width plus or minus from center that route as the open area abuts the four 
frequency, so the total bandwidth is in —_ power tubes and is of limited space as 
the order of 18-40 kHz. This is quite seen in figure 2. Power was supplied via 
wide by modern standards and is a real _ one of the cooling holes in the rear of the 
problem for the radio amateuron40and chassis and connected to the dynamotor 
80 meters. But, as we'll see, thingscanbe — connector block. After looking over the 
made better. power control situation, I decided to 

Last year I was the recipientofan RT- utilize the front-panel power switch of 
91/ARC-2 radio set. It was basically | the ARC-2. To do so, one must apply 
operational but with a few cosmetics 28V power to the rear panel power 
missing. My unitwasalsosansdynamotor connector (unobtainum) using pin 1 


so it required the application of both low (+28V) and pin 9 (GND). The 28V 
and high B+ voltages and 28V. The two connection to the ARC-2 rear panel was 


Receiver side 


© ay tonne | 


a usenet 


Transmitter side | 


i 


PA's " Modulators 


FIG 2 ARC-2 Top View 
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made by using two larger size Molex 
female pins, #12 wire, and heat-shrink 
tubing for insulation. The Molex pins 
are actually a bit small, so after the pin 
has been insulated; I simply forced the 
Molex pin down onto the connector pin. 
Without dynamotor current, using a 
single pin and #12 wire for power and 
ground is sufficient. The Heath HP-23 
power supply is controlled via a 24V 
relay mounted in the dynamotor well of 
the ARC-2. The relay is powered by a 
jumper from the +28V pin of the 
dynamotor plug and ground. Please note 
that my 28V supply is powered directly 
from the ARC-2 system’s AC power strip. 
When the strip is turned on, we have 28 
volts available. Now, when the ARC-2 is 
turned on, 28V appears at the dynamotor 
plug and thence to the new relay. The 
relay then powers up the HP-23 via the 
AC off/on control that is provided on the 
HP-23’s power-output plug. 

Testing revealed that the receiver 
worked and I got transmitter power out, 
albeit at about 50% modulation. Initially 
trying to use this ARC-2 on the Saturday 
morning Old Military Radio Net 
(OMRN) clearly indicated that the 
receiver was far too wide. I could hear 
SSB stations above and below, coming in 
well inside the IF bandwidth, and at 
times they covered the desired AM 
stations. Something needed to be done. 
That, and bringing up the modulation, 
finding a replacement antenna insulator 
(missing), making the dial scale readable 
(the existing lamps are wholly ineffective), 
repainting the cabinet, and finding a 
missing knob. Also inoperative was the 
relative power output measuring circuit 
thermocouple (deleted from later units, 
entirely). So, what to do and how to do 
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it? 

Removing and replacing the outer 
cabinet on the ARC-2 is a real chore 
owing to overall weight. The R/T unit is 
very heavy and it’s a bear to take it all 
apart and then put it back together each 
repair iteration. But, one must endure. ... 
On the other hand, Collins had a vertical 
Lazy Susan mount to hold and rotate the 
chassis so the technician had access to all 
points in the unit. I wish. ... Continuing, 
I had read that modulation could be 
improved by removing the tubes in the 
limiter circuit. At first blush, removing 
and bypassing the 12H5 limiter showed 
promise. But, in fact, it did very little. 
After several weeks of on-and-off 
troubleshooting, I did the more obvious 
task of tube checking. Indeed the 12A6 
driver and both 1625 modulators tested 
weak on the TV-7 and their replacement 
made all absolutely well. Given this 
experience, I would have to think twice 
about removal of those limiter circuit 
tubes. I was fortunate that one member 
of the OMRN provided me with a slightly 
cracked plastic antenna insulator. Using 
a stiffener plate and epoxy, the repaired 
insulator was installed and now looks 
and works perfect! I found that the 
missing ARC-2 lever knob was similar to 
the MN-26 and ARN-7 ADF control 
box knobs, and by grinding down the 
lever a bit I was able to emulate the 
original ARC-2 knob. The dial lights 
were another issue. The red panel light 
assemblies are absolutely worthless in 
this installation. There isa red haze visible 
but that’s about it. Both lamps are 
connected to individual pins (Figure 2) 
on a small board located on the top, 
front-center of the radio set. Voltage is 
applied to the lamp board via two 100 
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ohm resistors. As remedy, I chose two 
#1829 lamps, soldered two leads and 
used shrink tubing for insulation. The 
existing lamp wires were unsoldered and 
tied back. By careful placement of each 
new bulb assembly to the left and right of 
the frequency dial disk, each connected 
to the dial light board and a nearby 
ground screws, I can now easily read the 
dial. These new bulbs are not secured, 
per se, but I’ve found that placed properly, 
offer no difficulties, whatever. I suppose 
that the purist could use clear red railroad 
model paint’, if so desired. At this point, 
I considered rebuilding the output power 
sensor circuit but elected not to go 
through the trouble of removal of the 
front panel to gain access to the meter 
toggle switch — maybe next time? For 
now, the external Diawa power meter 
does OK. 

So, the last, and perhaps most daunting 
task, was to somehow reduce the effective 
IF bandwidth of the ARC-2 receiver. 
Reading the manual AN 16-30ARC2- 
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MULTIPLIER 


1O~1SeuC 


~ 
1.0-1.54 MC 
~ 


~ 
~ 


FREQUENCY 
MULTIPLIER 
V-102 


| 

| 
BAND A 3-4.525 UC 
BAND B 4~6.033 MC 


BAND C 3-4.525 uC 
Ot ea 7.541 WC 


RF AMPL ie BANO A 2.0-3.018 WC 
V-106 | BAND B 3.0-4.525 MC vie 

plates ce Ta il files “1 5eMC— 
V-10? RAND € 4.0-6.033 MC vie PENSE AME 
el BAND 0 6.09.05 MC 


FIG 3 
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126, one finds the block diagram of the 
receiver chain as well as a chart showing 
the mixing frequency bands, see figure 3. 
The tunable IF range of the ARC-2 is 1- 
1.5 MHz. The master PTO provides a 
range of 1-1.5 MHz multiplied in 4 bands 
to a range of 3-7.541 MHz. In that the IF 
frequency varies between 1 and 1.5 MHz, 
a scale formula is necessary for each band. 
The resultant frequencies for each band 
are indicated in figure 3. The band scale- 
divide factors are: 

Band A=2, 

Band B=3, 

Band C=4, 

and Band D=6. 

It can be seen that, for example, 80 
meters, the scale factor is 3. Assume an 
operating frequency on Band B of 3885 
kHz. Divide the frequency by 3, the 
resulting in an IF frequency of 1295 
kHz. By using the old Q-5’er technology, 
one can indirectly or directly couple (2 
pF) to pin 4 of V-113, the 4th IF amplifier 
(see figure 5) and apply the signal to, as 


ee ee mre re em ee ee ee ee em ee ee ee ee ee 
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Block Diagram Showing Frequency Multiplication 
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one must tune both the radio set and the 


Q-5’er in quadrature, to QSY. 


in my case, an ARC-5/R-24 BC band 
receiver, or any decent general coverage 


One other point, perhaps of some 
interest, is that I found that the front 
panel’s LF RECEIVER antenna 
connection could be used for connection 


receiver capable of tuning 1-1.5 MHz.’ 


Now, it is possible that a strong, nearby 


broadcast station could cause a problem 


but, given the amplitude of the IF signal 


to another receiver. Although it’s labeled 


BE + RECEIVERS? 


available and by using a shielded pick-up 


I nonetheless 


cable, the issue may well be moot. I 


connected it to an ARC-5/R-25 80 meter 
receiver and it worked fine. I now have a 


certainly have had no issues, to date. 


Listening is now a pleasure except that 
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dual receiver rack atop the ARC-2 with 
the R-24 and R-268 receivers as seen on 
the cover photo. Painting the case was 
done using VHT black wrinkle paint and 
baking for 30 minutes at 210 degrees F in 
my wife’s oven. Post baking procedures 
require that I run the oven up to about 
450 degrees to remove paint odors, etc., 
and no issues for over 27 years. The final 
(sic) issue, not previously mentioned, is 
heat. I found that the rear half of the case 
gets pretty warm after a while. I elected to 
mount a 24V fan and PVC bezel to the 
unused rear vent hole. With some air 
being forced in and out, things are now 
cooler. 

Some operational notes are as follows: 
The manual provides a tuning chart for 
the typical aircraft wire antenna. Also 
mentioned is the necessity for external 
capacitance in some cases. Using a coax- 
fed, resonant dipole antenna, best match 
and power out requires about 1000 pF 
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ARC-2, Left Side, Rear Area of side chassis Fig 5 


for 80 meters. On 40 meters, 600 pF 
seemed to do a good job, both utilizing a 
3-section broadcast variable and seen in 
figure 1. [This month’s cover photo]. 
Typical settings for 75 meters were 
Antenna Tuning in tap 5, with the 
Coupling dipping the plate at about 95 
on the adjacent dial. Although the manual 
says PA plate current will be 200 mA at 
peak power (also max current fora pair of 
1625 tubes), my unit puts out about 38 
watts on 75 meters witha plate current of 
about 170 mA. Of course, my plate 
voltage is a bit over GOOV. Best power out 
—as often occurs — is not at the exact plate 
current dip point. As such, I tune for max 
but still less than 200 mA. 


Connections for mic, PTT, and audio 


smoke, ... 


out are available on the rear panel 
connector if the front panel jacks are 
inconvenient. Ground for the outboard 
capacitor is available on a terminal on the 
lower-left side of the front panel. As 


<< 
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discussed previously, I use a triple section 
360 pF variable mounted in a minibox 
and painted black wrinkle and with a 
conical ceramic insulator. The output is 
a BNC coax connector. 

ve been using my ARC-2 fora number 
of weeks, now, and find it a useful radio 
and a nice addition to the operational 
military collection. Power output is 
always an issue but with a solid 35 watts 
of high-level plate modulation and a 
decent receiver chain, it will hold its 
own, given reasonable propagation 
conditions. I have considered re- 
purposing the MCW tone connections 
to audio transformer T-104 such that an 
amplified D-104 mic could be used. 
Given that the Telex mic works so well, 
I think perhaps not. If anyone has any 


comment, question, or anecdote I’d be 


pleased to talk. 


Footnotes: 

1. This voltage value is used to denote 
that all or part of a given radio set is 
operating from either an aircraft or vehicle 
DC bus. The actual range of acceptable 
voltages ranges from 24V to 28V, witha 
nominal value of 27.5 volts DC. 

2. Some aficionados have stated that 
the ARC-2 requires only metal tubes but 
mine runs fine with a few glass tubes 
installed? 

3. After trying several known-good T- 
17, M-15/UR, and RS-38 mics, I found 
that a Telex TEL-66T transistorized 


general aviation mic worked the absolute 
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best. 

4, The connector on this radio set, and 
the R-105()/ARR-15 utilize this unique 
connector, a Cannon DPO-24-33S, 
normally found as part of the radio set 
shock mount MT-421/AR or the MT- 
461A/ARR-15. 

5. As an aside, these clear R.R. paints 
work great to also create green or blue 
pilot lamps for Drake and other radios. 

6. One simply must have the manual 
to effectively activate and service this 
radio set! Excellent, publisher-grade 
manuals are available from Robert 
Downs, WASCAB. [Editor’s note: See 
Robert’s classified ad.] 

7. Owing to a previous project of 
narrow-banding my BC-348 receivers, | 
sought to find out if the same scheme 
might work with the ARC-2 receiver. I 
found trying the 1/2 or the 2nd, etc. 
harmonic of the receiver’s IF and apply 
that signal to an external receiver is 
apparently not possible as there appears 
to be little or no usable harmonic energy 
that I could detect. Joe Long, WA2EJT, 
discusses that a BC-453 or ARC-5/R23 
LF receiver can be tuned to 1/2 the BC- 
348 receiver IF minus 50 kHz (IF of the 
BC-453). The BC-453 is then tuned to 
+/- 407 kHz and, presto, a narrowband 
BC-348! 

In addition to the external Q-5’er 
method, some have elected to try and 
reduce the coupling and/or the swamping 
within the IF transformers. It’s my 
understanding that this method is neither 
the easiest nor the best way to go. 

8. Muting the R-24 was found to be 
unnecessary. Muting the R-26, 80 meter 
receiver is necessary and is a work-in- 
progress. ... There must bea set of contacts 


ER 
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in there, somewhere? 


An Old Timer’s Mystery Box 


By Mike Bittner, WOMAB 
Palos Verdes Peninsula, CA 


mmab@cox.net 


The aluminum box with antique tuning 
dial shown in figure 1 came up on eBay 
and I immediately wanted it for the several 
antique radio parts inside it and its four 
very-hard-to-find extruded aluminum 
Those corner extrusions 
eliminate having to bend any metal for 


corners. 


making a sturdy shielded box of most any 
size, as long the box is no taller than their 
length. All you have to do is cut the sides, 
top and bottom of the proposed box to 
size, snap the sides into grooves in these 
corners, and then screw on the top and 


bottom using the pre-tapped holes in the 
ends of these corner pieces. These first 
appeared in the 1920sf6r anrateur 
applications, but I’m not sure when their 
production finally stopped. 

The seller had no idea exactly what this 
box was or what is was used for, but did 
list the manufacturers of the various parts 
in it. Figure 2 shows the internal parts 
and also illustrates the ease with which a 
box of this construction can be 
disassembled for initial construction or 
trouble shooting and then reassembled. 
Here we have a very nice selection of 
antique radio parts including a Pilot 
Capacigrad SLF tuning capacitor, a 
Bremmer Tully RFC, an RCA 201A tube 
in a Benjamin shock 
absorbing socket, a 
Westinghouse 25 watt 
frosted lamp in a 
porcelain socket, a 


Micadon fixed 
capacitor, and an 
unknown, center- 


tapped RE coil. No one 
bid on this item except 
me, so it was delivered 
to me a few says later. 

Upon receiving this 
mystery ~ ued, fe 
immediately opened it 
to determine the 
condition of its 
components, make 
some measurements, 
and trace out its circuit. 

All components 


Figure 1: Here is the Mystery Box as shown on eBay. 
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Figure 2: Some nice antique components here, but what good is a shielded box with 
one input and no outputs? 


LS Shae) Pre seeeeM I: goat. et thee eC ee ghee oy ye 
201A 
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1 | 
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Figure 3: The circuit of the Mystery Box is shown with its measured component values. 
The tube serves as both oscillator and AC rectifier. 
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proved to be in excellent condition 
although the various sides of the box had 
some serious corrosion issues. Also, | 
found acold solder joint at the coil center 
tap, and during measurement of the cold 
resistances of the filaments of the 201A 
and the lamp, I found that the 201A’s 
filament measured 2.4 ohms out of its 
socket, but 16 ohms when measured at 
the socket terminals. A check of each of 
the socket’s terminals with one probe 
plugged into a socket hole showed zero 
ohms as it should. I suspected that some 
sort of resistive film had formed on the 
tube pins during this unit’s probable 70+ 
years of non-use, so I scraped each tube 
pin gently with a sharp knife. This solved 
the problem. The electrical values of the 
components and the traced-out circuit 
are shown in figure 3. A few Ohm’s Law 
calculations showed that the input was 


most likely straight from the house electric 


El 2 . 
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Figure 4: Here the unit is putting a nice 60 Hz modulated signal into the Heathkit with 
2.5 VAC on the 201A and 85.6 VAC input. 


wiring that would have been 110 Volts 
AC or DC in the 1920s, and the 25 Watt 
lamp simply served as a resistor for 
dropping this line voltage down to the 5 
Volts needed for the tube filament. The 
schematic diagram shows this to be a 
Hartley oscillator, but where is the 
output? 

My next step was to put some enquiries 
on the internet. There were several 
speculative answers, but the definitive 
answer came from Andy Flowers (K@SM/ 
2), who indicated that, in the 1920s, 
units such as this were built by hams and 
used as simple signal generators. The 
power line also served as an antenna, and 
the signal radiation from this “antenna” 
was sufficient for servicing nearby 
receivers. The signal from this particular 
unit would be in the broadcast band, 
with the possibility of higher frequency 
harmonics. When powered from an AC 
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source, the signal would be modulated by 
the power line frequency, and of course, 
when powered from a DC source, the 
signal could be heard by its beat note 
with an on-air station or a BFO. The 
only disturbing thing about this very 
clever device was that it appeared that the 
whole cabinet was connected to one power 
line through the shaft bushing of the 
tuning capacitor. 

Armed with this information, | felt 
confident that I could bring this unit 
back to life safely without damage to any 
of its components, by powering it from 
my Variac and keeping one hand in my 
pocket. With a voltmeter monitoring the 
201A’s filament voltage and my Heathkit 
MR-1010 portable direction finder on 
the bench and tuned to the broadcast 
band, I slowly increased the voltage from 
tev anac. At 2,1 VAC on‘ the 2014 
filament, the unit sputtered into life and 
at 2.5 VAC, its 60 Hz modulated signal 
was reliably heard by the Heathkit from 
540 to 1570 kHz as verified by the 
Heathkit’s digital frequency display. No 
signal was heard outside this frequency 
range. The unit is shown operating in 
this test setup in figure 4. 

Having found satisfactory operation 
with 2.5 VAC on the 201A filament, I 
did not raise the voltage any further as 
this tube tested like-new on my TV-7/ 
DU tube tester and I wanted to keep it in 
good condition for possible use in other 
projects. Another interesting discovery 
was that the builder had insulated the 
shaft bushing of the tuning capacitor 
from the panel, but this insulation had 
failed. As newly built, the unit would 
have been safe to use without fear of 
electric shock from the cabinet. Andy 
(K@SM/2) also emailed a copy of an 


article on a similar unit from the March 
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1927 issue of Radio magazine, that uses 
the Armstrong circuit rather than the 
Hartley. An interesting tidbit from this 
article indicates that “Modulation is 
accomplished by — the power station’s 
generator hum if DC is used.” I never 
thought about hum on DC power lines 
before, thinking it was only an AC 
characteristic. 

Now comes the question of what to do 
with this unit. Same say that artifacts 
such as this should be preserved in the 
condition that they were found, while 
others say that it’s OK to refurbish them 
to various levels including “like-new” 
condition. In the former case, it just sits 
on the shelf and gets looked at, while in 
the latter case, it can be put to practical 
use. Since I am not short on signal 
generators, my own preference is to use 
its antique components in construction 
or repair of other vintage equipment. 
Now that its mystery has been solved, 
what do you think should be done with 
this unit? 
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The National HRO-500 


By George Misic, KE8RN 
1936 Duncan Avenue 
Allison Park, PA 15101 


ke8rn@comcast.net 


Introduction 

The National HRO-500 was a very 
special and fairly complex National 
receiver that was close to their last receiver 
product. There was a National HRO- 
600, but it was, I believe, the end of the 
line for new products from National'. 
The HRO-500 was announced about 
1963; it was an all solid state receiver 
using mostly germanium transistors and 
one unijunction transistor in the 
frequency synthesizer; it has no FETs or 
integrated circuits as they were still in the 
future for general products. The 


frequency synthesizer was a unique part 
of the HRO-500; it made the receiver 
general coverage from 5 kHz to 30 MHz 


with the same tuning rate everywhere 
and 1 kHz readout from a National PW 
dial-drive mechanism without requiring 
one crystal for every 500 kHz wide 
segment. Unlike earlier National radios 
that used the PW dial system, the readout 
of 0 to 500 actually corresponds to the 
actual frequency to which the HRO- 
500 is tuned, or the number of kHz 
above the bottom edge of the 500 kHz 
wide-band selected with the frequency 
synthesizer. The HRO-500 covers up to 
30 MHz in sixty bands; each one is 500 
kHz wide. The frequency synthesizer 
provides 60 output frequencies that take 
the place of thirty crystals on radios like 
the Collins 51S-1 and 51J-3 and 51J-4 
or sixty crystals for the HRO-500 (the 
Collins radios covered 1000 kHz in each 
band, twice as much per-band as the 


HRO-500). 


Figure 1: The HRO-500 was produced in very limited quantities from 1964 to about 
1973. There were 3 different VFO assemblies used, and optional accessories included 
a diversity kit, IBS and FSK converters, a noise blanker, the LF-10 preselector, a remote 
control, a DC power kit, a rack mount kit, and the matching National speaker. 
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Frequency Conversion Scheme 

The HRO-500 frequency is set by 
selecting the right RF preselector range 
and tuning the preselector to the 
appropriate setting. The frequency 
synthesizer is next set to the low end of 
the 500 kHz slice of spectrum to be 
tuned. The synthesizer range appears 
above the main tuning dial; it is carefully 
adjusted so the LOCK light is 
extinguished, indicating a phase lock-up 
of the synthesizer. The main tuning dial 
(the PW dial mechanism) is set to the 
spot in the 500 kHz slice of spectrum 
previously selected. The preselector 
tuning may be repeaked for best signal 
during reception. The preselector has 
ranges of 4-10 MHz, 10-20 MHz, and 
20-30 MHz; the ranges of 0.005-1.5 
MHzand 1.5-4.0 MHz take care of some 
issues, but the preselector does not 
actually tune in this range; if frequencies 
below 4.0 MHzare of interest, the LF-10 
low frequency tuner (figures 2 and 4) 
gives the receiver greater sensitivity and 
better image rejection at VLF frequencies, 
much as the Collins 55G-1 does for the 
51S-1. 
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Low Frequency Coverage from 0.005 
MHz To 4.000 MHz 

The HRO-500 is a triple conversion 
receiver from 0.005-4.000 MHz and 
double conversion from 4.000 to 30.000 
MHz. The frequencies from 0.005 MHz 
to 4.000 MHz are up-converted, using a 
26 MHz oscillator, to 26.005-30.000 
MHz. The up-conversion eliminates 
image reception problems that would 
occur if the range was covered by 
extending the double conversion scheme 
used on 4.000-30.000 MHz. 

From 0.005 MHz to 0.500 MHz there 
is no preselector or RF amplifier; the 
preselector is not used in this range and 
the RF amplifier is bypassed and the RF 
input is through a separate jack. If 
performance in this range is of 
importance, the LF-10 low frequency 
tuner and preamplifier should be used 
with the HRO-500. When the LF-10 is 
used, the full specifications of the HRO- 
500 are met all the way down to 5 kHz. 

Double Conversion Scheme from 

4.000 to 30.000 MHz 

The frequency range of 4.000-30.000 

MHz is covered by a double conversion 


Figure 2: This is the rare LF-10 preselector, a much more elaborate unit than what was 
available from others, such as the LF preselector for an SX-117 that was not much more 


than a coil and tuning condenser in a box. 
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scheme using the frequency synthesizer 
to provide the 52 injection frequencies to 
convert the 4 to 30 MHz range to the 
fitst ‘Es of 3:25 to? 2:75¢MHn (ihe 
synthesizer is on the high side of the 
input frequency, causing the inversion of 
frequencies and sidebands to occur.) The 
3.48 to 2.98 MHz VFO then converts 
the 3.25 to 2.75 MHz first IF down to 
the 230 kHz second IF for filtering at the 
various bandwidths for SSB, CW, and 
AM and detection via an envelope or 
product detector. (A second frequency 
inversion occurs here because the VFO is 
on the high side of the tunable IF of 3.24 
C0257 S¢MEIZ) 
First Conversion Oscillator 

The first conversion oscillator is phase- 
locked to a 500 kHz crystal oscillator, 
producing outputs of 7.25 to 32.25 MHz 
to make the first IF of 3.25 to 2.75 MHz. 
This, in combination with the up- 
conversion used below 4.0 MHz, allows 
the use of 60 bands that are each 500 kHz 
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Figure 3: This is a view looking inside the top lid of the HRO-500. 


wide to cover 0.005 MHz to 30 MHz. 
For the first eight bands the receiver is 
triple conversion; for the remaining 52 
bands, the receiver is double conversion. 

The First Conversion Frequency 

Synthesizer: 7.25 MHz to 32.75 

MHz 

The synthesizer operates by first 
amplifying harmonics of the 500 kHz 
crystal from 34 to 37.5 MHz (for the 
triple-conversion bands from 0.005-4.0 
MHz) and! 12)to 37.54 MPa iitorethe 
double-conversion bands from 4.0 to 30.0 
MHz), which tracks the receive frequency 
injection frequency of 29.250 to 32.750 
MHz and 7.250 to 32.750 MHz. The 
harmonics of the 500 kHz crystal are 
mixed with the injection frequency giving 
an IF of exactly 4.750 MHz. The 4.75 
mixed output is amplified and phase 
compared to a 4.75 MHz crystal 
oscillator. The comparison output voltage 
is used to phase lock the high frequency 
first conversion oscillator to the 4.75 


SYNTHESIZER 
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MH reference crystal oscillator. The end 
fesubtoor this. circuitry \is\:that., che 
synthesizer produces outputs of 7.250 
MHz to 32.750 MHz in 500 kHz steps 
with the same accuracy and stability that 
could be achieved with 52 precision 
crystals. 
The 3.48-2.98 MHz VFO and 
3.25-2.75 MHz Tunable IF 

The VFO is tuned by the wonderful 
National PW _  epicycloidal dial 
mechanism; only the Eddystone 898 dial 
mechanisms from England rival the 
National PW dial for overall performance 
— in the author’s opinion. The National 
PW dial mechanism was used on earlier 
National HRO receivers for the first time. 
On the HRO-500, the 0-500 PW dial 
readout is a direct frequency readout and 
not just a logging scale, as it was on the 
earlier tube-type HRO receivers from 


In the HRO-500, a five-section main 
tuning capacitor tunes the VFO over a 
range of 3.48 to 2.98 MHz; this frequency 
converts the tunable IF of 3.25 to 2.75 
MHz down to the last IF that provides 
the selectivity options; the last IF is 230 
kHz or 0.23 MHz. A dual-tuned circuit 
is used on the input and output of a 
single transistor tunable IF amplifier; the 
five section tuning capacitor tunes these 
four circuits with the VFO; shaped plates 
on the capacitor sections are used to aid 
in tracking of these four tuned circuits 
and the VFO. The tuning is at a very 
uniform rate, allowing the 0-to-500 
readout on the PW dial to correspond 
directly with frequency. 

A 50 kHz crystal calibrator is provided 
to give a check point on dial calibration 
for every revolution of the PW dial. Each 
division isa 1 kHz step; a number readout 
appears in the dial window nearest the 


the 1930s, 1940s, and 1950s. 


ms 


Figure 4: Here is an inside view of the elaborate LF-10 preselector. 
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top showing the nearest 10 kHz; the PW 
dial changes 50 kHz per revolution of the 
readout dial. 

The VFO is a common-base oscillator 
operating from an electronically regulated 
source of +5 VDC; the DC input from 
the internal AC supply is first regulated 
electronically at +12 VDC using a series 
pass transistor and a Zener diode. It is 
then regulated down to 7.5 VDC using a 
Zener diode and then again regulated 
down to +5 VDC by a second Zener 
diode; the use of double-regulated sources 
for the +5 VDC Zener diode regulator 
ensures that the VFO supply is VERY 
stable. The VFO is lightly coupled to a 
transistor buffering stage to minimize 
effects of loading from driven stages on 
the oscillator to maximize stability. The 
buffer stage operates as an emitter follower 
to drive the mixer between the tunable IF 
and the 230 kHz final IF; it also drives, 
via the collector, a jack on the HRO-500 
rear panel providing a port with the VFO 
output for use with a digital frequency 
readout display or with a companion 
transmitter (that was never offered by 
National) or other accessories. 

The 230 kHz Final IF and Detectors 

The final IF of the HRO-500 is at 230 
kHz, providing variable selectivity and a 
tunable sharp notch filter to null out 
interfering heterodyne carriers. The 
widest selectivity selection is 8 kHz; for 
this width the signal is not put through 
the sharper filtering that is accomplished 
with inductor-capacitor circuits. No 
mechanical or crystal filters are used in 
the HRO-500. The 8 kHz selectivity 
choice is established by the four IF 
transformers used operating at 230 kHz; 
the tunable notch filter works with all 
selectivity choices. To get the 5 kHz 
bandwidth choice, a pair of additional 
lightly loaded IF transformers are added 
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to somewhat sharpen the selectivity. For 
the 2.5 kHz and 500 Hz bandwidth 
choices, a filter made of L-C components 
and a filter preamplifier are added to the 
path for the 8 kHz selectivity choice. 

Passband tuning is provided by a six- 
section variable capacitor that tunes the 
L-C filter networks used in the 2.5 kHz 
and 500 Hz filter network. This design 
essentially ensures the filter does not 
“ring” or behave strange in any way; it 
also makes proper alignment of all the 
230 kHz tuned circuits critical to proper 
operation of the filter scheme. 

A 230 kHz IF output is provided for 
use with external signal processing 
schemes. 

A crystal controlled BFO is used to 
ensure stability; SSB selection is made by 
the passband tuning of the 2.5 kHz 
bandwidth of the 230 kHz final IF. A 
230 kHz BFO output is provided on the 
rear panel for external ‘usépsuchwasea 
digital frequency readout scheme like the 
Heathkit SB-650. All of the various 
oscillators used in the HRO-500 are 
available at rear panel outputs, permitting 
the use of external precision frequency 
readouts, or allowing the HRO-500 to 
be made part of a ham station that can 
transceive; neither National nor anyone 
else ever offered such a device, but the 
clever and industrious ham could 
construct one. The use of crystal control 
may be a lesson learned from the earlier 
NC-300 ham band receiver that did not 
have a crystal controlled conversion 
between the first and second IF and had 
a crystal filter on the first IF and a sharp 
L-C filter second IF. This was corrected 
in the NC-303 version that, in my 
experience, is a much improved receiver. 
The BFO drives a product detector made 
using a pair of diodes. 

A conventional diode detector is used 
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for AM operation. The 230 kHz IF is 
also used to generate AGC voltage for 
both PNP and NPN transistor amplifier 
stages, and to drive the S-meter for an 
indication of signal strength. The 230 
kHz IF is also available at a rear panel 
jack for use with external equipment. 

The Audio Amplifier and Internal 

AC Power Supply 

The audio stages are a driver stage 
following the volume control that is 
transformer coupled to a push-pull audio 
output stage and is then transformer 
coupled to a speaker, a headphone jack, 
or a 600 ohm line output. The use of the 
headphone jack shuts off the speaker 
output but does not shut off the 600 ohm 
line. The speaker output, headphone 
output, and 600 ohm line output are all 
derived from the same audio outputstage, 
so they can not be set to independent 
output levels. Changing the loading on 
the headphone or speaker output will 
impact the line output level to some 
degree, as they are all common in terms 
of audio source. The audio stages are not 
Siatee at “tie aft in any way; a 
transformerless output for speaker and 
headphones would have been more 
sophisticated. 

The HRO-500 can be operated from 
an external 11-16 VDC negative ground 
DC power source, or from a 120 or 240 
Pee wsonice, the receiver must be 
internally wired for 120 or 240 VAC; an 
AC source or a 11-16 VDC source may 
be externally selected by a switch on the 
rear panel. When using a DC source, the 
dial lights may be enabled or disabled 
depending upon the amount of power 
available. The internal AC supply is 
transformer coupled and isolated; the 
transformer produces about 24 VDC 
from a full-wave rectifier. A simple 
transistor series regulator drops this to 
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about 12 VDC regulated. Simple Zener 
shunt regulators provide outputs of +7.5 
VDC and +5.0 VDC; the +5 VDC supply 
is fed from the +7.5 VDC source to 
provide better regulation. 
Overall Constuction 

The National HRO-500 is made for 
fairly easy service work; all of the 
transistors are mounted in sockets for 
easy replacement or troubleshooting. The 
components are mostly mounted on 
terminal boards and hand wired to the 
transistor sockets or other components 
like coils, transformers, variable 
capacitors and switches. No large printed 
circuit boards are used in the HRO-500; 
some small PC boards are used for 
mounting components for various 
circuits. The boards are localized to the 
various circuit blocks of the receiver, 
making troubleshooting fairly easy 
because the circuits are mechanically 
isolated. The HRO-500 is a very 
interesting receiver; the later Galaxy R- 
530 and Hy-Gain R-1530 were very 
similar in overall concept and work very 
well, but they lack the great feel and look 
of the HRO-500. I liken the National 
HRO-500 to some of my other favorite 
machines like my IBM Selectric 
typewriter, 1966 Lincoln Continental 
convertible, and Polaroid SX-70 Land 
camera. I own each of these simply 
because they are fabulous machines and 
showcase the time when the USA was the 
driver of nearly all technology. 
Footnote: 

1. Editor’s Comment: Osterman’s 
Shortwave Receivers Past and Present has 
information and a photo for the rare 


HRO-6O00. 
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The 75S-2B Receiver, Part 2 


By Mike Bohn, KG7TR 
Show Low, Arizona 
Bohn48@msn.com 


Solid State Enhancements 

Part 2 will take a look at the solid state 
technology used to enhance the 
performance and usefulness of the 75S- 
2B. The schematic of the solid state 
circuits will be reviewed to see how the 
hardware was integrated into the tube 
circuits. Problems that were encountered 
during the project will also be discussed. 
The figure numbers will start where they 
left off in part 1. 

Overview of Arduino Technology 

In case you've never heard of it, Arduino 
technology is very popular these days in 
several hobbies, among them ham radio 
QRP. A concise explanation of it can be 
found on Wikipedia by doing an internet 
search on the keywords “arduino wiki.” 
The basic building block is the Arduino 
microcontroller module. My introduction 
to using Arduinos for ham radio was via 
the excellent book Arduino Projects for 
Amateur Radio by Dr. Jack Purdum 
(W8TEE) and Dennis Kidder (W6DQ). 
Arduino modules and a whole lot of 
interfacing hardware are available all over 
the internet at very reasonable prices. 
The software is all open source and totally 
free. An Arduino module has a multitude 
of configurable analog and digital input/ 
outputs (I/Os) available to perform 
various tasks. With Arduinos, you write 
and compile a program on your PC called 
a “sketch,” using the free Arduino 
application. Then you load the sketch 
into the microcontroller’s memory over a 


USB connection. When power is applied 
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to the module, the sketch executes as a 
continuous program loop. 

After reading the first couple of chapters 
of Purdum and Kidder’s book, I obtained 
some inexpensive modules of various 
types and began experimenting. Having 
never written a line of computer code in 
my life, I was concerned that I would 
never be able to get the modules to do 
what I wanted. But this turned out to be 
one of the easier parts of the project. 
There are lots of sample sketches available 
on the internet to use as starting points, 
as well as a multitude of modules and 
circuits to do a variety of radio related 
functions. With these basics at hand, I 
was able to find excellent reference 
material and examples to tailor my 
sketches and hardware configurations for 
this project. It only takes a few minutes 
to modify a sketch and reload it into the 
Arduino. 

Typical Arduino Hardware 

For this project I used the very popular 
Arduino Uno-type modules for all 
experimentation and final 
implementation into the completed radio. 
The Arduino Uno is a microcontroller 
board based on the ATmega328 chip. 
Features include 14 digital input/output 
pins (of which 6 can be used as pulse 
width modulated outputs), 6 analog 
inputs, a USB connection for program 
loading and +5 DC power input, a 
separate power jack with an on board 
regulator to accept higher input voltages, 
and a reset button. Two examples of the 
Arduino Uno are shown in figure 10. For 
reasons that will be explained later, the 
module on the right with two quartz 
crystals is the one to use for a frequency 
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Figure 11, Above: A typical 
Arduino shield is shown with 
amplifier module in place. 


Figure 12 Right, Two 
Popular Synthesizer 
Modules: On the left is the 
AD9850 type; right shows a 
Si5351 kit from QRP labs. 


counter. 

In many cases connections 
are not made directly to an 
Arduino module. Instead, a 
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Figure 10, Typical Arduino 
Uno Modules: The module 
on right has two quartz 
crystals and is the one to use 
for a frequency counter. 


prototype board called a 
“shield” is plugged into the 
top of the Arduino module. 
The Arduino pins are carried 
through the shield on headers 
and bear the same pin-out IDs. 
A typical shield used during my 
experiments is shown in figure 11. The 
shield has lots of plated-through holes, as 
well as power and ground buses. These 
provisions allow you to build up ancillary 
circuitry right on the shield, and install 
additional headers to make external 
connections. In the figure 11 example, 
an amplifier module like that used for the 
BFO has been soldered into place on the 
shield, as well as some headers for external 
connections and a potentiometer for 
controlling LCD contrast. An RF 
synthesizer module plugs into the headers 
that have been installed along the sides of 
the amplifier module. 

There are presently two different chips 
that are popular for generating RF signals 
using Arduino control. These are the 
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AD9850 from Analog Devices, and the 
Si5351 from Silicon Labs. Both are 
available already mounted on small 
modules that include extra circuitry 
needed for the Arduino interface. Figure 
12 shows an example of each type. The 
AD9850 board on the left is very 
prevalent, and comes preassembled. It 
has 10 pins on each side that plug into 
headers on an Arduino shield. It puts out 
a sine wave of about 1.0 volts peak-to- 
peak. The $i5351 module on the right 
was assembled from a QRP Labs kit. It 
has the same footprint and almost the 
same pin out as the module on the left. 
Only a few wires have to be changed on 
the shield to switch from one to the 
other. The QRP Labs kit has the surface 
mount $i5351 chip already installed, with 
the rest being very easy to assemble. It 
puts out a square wave up to perhaps 2 
volts peak-to-peak. 

Output from either RF module is 
generally too low for direct use in vacuum 


Figure 13: Homebrew LMH6703 
Amplifier Module 
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tube circuits. There are some simple 
transistor amplifier circuits described on 
the internet that will produce a few volts 
of RF at lower frequencies, but their 
output drops off rapidly above 10 MHz 
or so. For my initial configuration of the 
radio, I needed at least two volts RMS of 
RF at a fairly constant level up to 33 
MHz. That prompted development of a 
homebrew IC based amplifier using the 
LMH6703, acurrent-mode opamp. This 
chip has a useful bandwidth of 1 GHz, 
and without careful layout and bypassing 
it will oscillate just by blowing on it. I 
initially tried to build it right on the 
Arduino shield, but could never get it 
tamed down. So, I procured some 
prototype boards designed to accept the 
8 pin LMH6703 surface-mount chip and 
tried again. I finally arrived at the 
configuration shown in figure 13. It 
required a lot of intricate micro-soldering. 
The back of the board is covered with 
copper foil tape to provide a ground 
plane. It would be nice ifsomebody would 
make a kit of this amplifier, with the 
circuit as well as board layout designed 
for unconditional stability and the 
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Figure 14: LMH6703 Proto Board and 
QRP Labs Si5351 Kit 
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Figure 15: Complete BFO Assembly 


surface-mount chip already soldered in addresses are clearly labeled for both 
place. items. Figure 15 shows the complete 


Figure 14 shows packages forthe proto. = BFO module. The Arduino module is on 
board used for the LMH6703 amplifier the bottom, and has nylon screws and 


and the QRP Labs Si5351 kit. Internet standoffs epoxied to the mounting holes 


Figure 16: Inside View of Solid State Chassis in Final Configuration — BFO (Left), 


Counter (Center), Counter Filter (Right) 
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fier and +8 DC for the 
two Arduino modules. 
These TO-220 pack- 
aged regulators are 
mounted to the bottom 
rear of the main chas- 


sis, and are visible in 
figure 4 [Part 1]. 
When discussing the 
figure 18 schematic, it 
should be pointed out 
that many schematics, 
including mine, will 
not depict the actual 


Figure 17: Rotary Encoder and LCD with Ribbon Cables shield interconnections 


Attached 


for fastening it to the back of the vertical 
chassis. On top of it is the shield. The 
Si5351 module is plugged into the shield, 
with part of the amplifier module visible 
just below it. This complete assembly is 
what you see in the left compartment in 
figure 16, the rear view of the solid state 
chassis. In the center compartment is the 
counter and LCD driver assembly. Here 
you are looking directly at the shield, 
where a transistor and other components 
are visible, as well as some typical cable 
connections. 

Figure 17 shows a rotary encoder and 
LCD with homebrew ribbon cables 
attached. These were used during the 
experimentation phase. 

Solid State Circuit Details 

Figure 18 shows the schematic of the 
solid state circuits. It is also available at 
http://www.kg7tr.com/75s-2b- 
receiver.html as a .pdf. At the lower left 
of the schematic are two IC regulators 


that provide +10 DC for the BFO ampli- 


[Editor’s Note: Paper prints of Mike’s 
parts 1 and 2 schematics are available 


from ER for an SASE.] 
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to the Arduino mod- 
ule. It is generally un- 
derstood that a shield is present. 

An Arduino controlled Si5351 module 
is used to generate the BFO signal. At 
this point in the radio I was able to use a 
module like this without spurious signal 
issues because it is after the high gain IF 
circuitry. This was fortunate because 455 
kHz BFO crystals are expensive, if you 
can even find them. INRAD lists them in 
their catalog for a current price of $41 
and, cheap 
microprocessor crystals available at these 
frequencies. Plus, you can’t easily tweak 
the frequency of a 455 kHz crystal to 
accommodate the optimum carrier 
insertion point for the SSB filter in use. 
With the Arduino controlled module this 
is done simply by changing the frequency 
value in the sketch. The frequency can be 
changed by as little as 1 Hz. 

The BFO Arduino module selects the 
LSB or USB frequency by reading an 
associated grounded contact on mode 
switch section S2E. These contacts are 
connected to pins D11 and D12, which 


each, there are no 


Figure 18, Right: Schematic of Solid 


State Circuits 
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are configured in the Arduino sketch as 
digital inputs using internal pull-up 
resistors. Pin D2 is also configured as a 
digital input, and reads a grounded 
contact on section S1D of the bandswitch 
in the 80 meter position. Because the 
receiver is single conversion on 80 meters, 
a sideband inversion occurs on that band. 
The grounded contact causes the sketch 
to switch to the opposite BFO frequency. 
In other words, on 40 through 10 meters 
no inversion takes place, meaning LSB is 
about 456.350 kHz and USB is about 
453.650 kHz. On 80 meters the two 
frequencies are reversed. 

The Arduino module is powered from 
+8 DC. An on board regulator makes +5 
DC available to its own circuits, as well 
as externally to power the Si5351 module. 
The QRP Labs kit includes its own on- 
board 3.3 volt regulator to power the 
Sip Oot 
commands are sent to the $i5351 module 
over the IZ@"sC and I2@ SDA’ lines: 
Square wave output from the CLK1 pin 
is fed into the LMH6703 amplifier 
module. At 455 kHz a simple transistor 
amplifier would have been adequate, but 
since I already had the LMH6703 module 
built and soldered to the shield I used it. 
In AM mode, output from the Si5351 
module is inhibited in the sketch. In 
addition, +10 DC is removed from the 
BFO amplifier by S2F. 

The output of the amplifier module is 
a faithfully reproduced square wave at 


chip. “ile set” frequency 


over 6 volts peak-to-peak amplitude. 
Given the problems I had already 
experienced with spurious signals, I 
decided there might be trouble ahead if I 
used this signal as-is, what with square 
waves bouncing all over the place. So | 
built a simple filter using back-to-back 
connected transistor IF transformers from 


a Radio Shack assortment. These were 
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laid sideways inside a large “D” connector 
backshell and mounted to the main chassis 
at the right rear, as can be seen in figure 
2 [Part 1]. The input to the filter is run 
through RG-174/U coax from the BFO 
module. The output is a short wire run to 
pin 7 of V8. This filter makes nice sine 
waves for injection into the cathode of 
V8. 

The other Arduino module is used as a 
frequency counter, and is based on the 
design described in chapter 15 of Purdum 
and Kidder’s book. There is a frequency 
built into the 
microcontroller that is used to implement 


counter routine 
the function. The counter input on pin 
D5 of the Arduino requires something 
resembling a TTL level square wave 
signal. It is also necessary to avoid loading 
the VFO as much as possible. So a 
preamplifier circuit is used to provide 
these functions: “The*MPF=tt7"ie @ 
connected to the VFO output operates as 
a source follower. It presents a very high- 
impedance load, such that the VFO 
doesn’t even know it’s there. The FET 
circuit is housed ina small “D” connector 
backshell that can be seen directly behind 
the mechanical filter in figure 2 [Part 1]. 
This location allows a very short lead to be 
run to the VFO outputat pin 1 of V4. The 
output from the FET source terminal is 
run through RG-174/U coax to the 
Arduino shield, where the 2N708 
amplifier circuit resides. The 2N708 is a 
dinosaur when it comes to transistors, 
but it was handy and provided enough 
gain to give me the waveform needed. 
The counter’s Arduino module is 
provided +8 DC, with +5 DC from its 
internal regulator picked off and used to 
power the LCD and preamplifier circuits. 

The first iteration of the counter used 
the Arduino Uno module shown at the 
left in figure 10, which is perhaps the 
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most common type to be found. | 
discovered that it would not stay 
calibrated. The counter is calibrated in 
the sketch by setting a constant that 
corrects for errors in the microcontroller’s 
clock frequency. It is a fact that a counter 
can only be as accurate or stable as its 
clock. Using the Arduino Uno on the 
left, I would no sooner measure the 
required error constant and put it in the 
sketch, and it would be wrong again. I 
could not get better than about 1 kHz of 
accuracy for any length of time. After 
some internet research, I found out that 
the microcontroller clock in the module 
on the left in figure 10 is actually using a 
ceramic resonator. While there is a quartz 
crystal on this module, it is used for the 
USB interface chip, not the Atmega328 
chip. If you look closely, you can see the 
very tiny ceramic resonator inside the 
double white oval right next to the 28 pin 
DIP, which is the ATmega328 
microcontroller [See figure 10]. 

Needless to say, a ceramic resonator is 
not going to be as accurate or stable as a 
quartz crystal. It will be good enough for 
almost any other Arduino function where 
timing is not particularly critical. So with 
a little searching around the internet | 
was able to locate the Arduino Uno on 
the right in figure 10. It has two quartz 
crystals, one for the USB controller and 
one for the microcontroller clock. Using 
this module solved the problem. 

The basic counter function in the 
Arduino measures the raw VFO frequency 
in MHz. Like the BFO module, data 
from the mode switch and bandswitch is 
sensed on pins configured as digital inputs 
to calculate corrections. Note that some 
of the pins on the two Arduino modules 
are connected together. With the 
common pins configured as digital inputs 


with internal pull-up resistors, it simply 
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means that both modules are pulling the 
pins high, and both will go low when 
grounded. This did not cause any 
problems. The data from the switch 
grounds is used by the counter sketch to 
apply offset calculations for the crystal 
oscillator (40 through 10 meters only) 
ands (BFO ftequencies;,4o0nthab-the 
frequency displayed on the LCD is correct 
for all bands and modes. The offsets are 
based on measured frequencies such that 
the readout is accurate to better than 100 
Hz. A ribbon cable is connected to 
bandswitch section S1D and runs up to 
the counter module. Because this switch 
wafer is also shared with the preselector, 
some digital hash from the Arduino was 
being picked up initially. So the ribbon 
cable leads are run through a low pass 
filter to remove the noise. 

Bandswitch and mode switch data is 
also used to display the band and mode 
on the bottom line of the LCD. Of course 
this can also be determined by simply 
looking at the positions of the front panel 
switch knobs. But there was a second line 
of display capability available on the 
LCD, it was an easy thing to do, and it 
looks cool, so why not? The LCD interface 
to the Arduino module is standard stuff 
available in Purdum and Kidder’s book, 
as well as on a multitude of web sites, and 
won't be discussed here. 

The final Arduino sketches used for 
the BFO and counter/display are available 
at http://www.kg7tr.com/75s-2b- 
receiver.html. These are in .txt format 
because I could not post the actual 
Arduino files with the .ino extension on 
my web site. The .txt files can be opened 
in a common application like Notepad, 
then copied and pasted into the Arduino 
Integrated Development Environment 
(IDE) on your computer. In order to use 


them you must also download the various 
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libraries called out in the include 
statements at the beginning of the 
sketches. These libraries, which can be 
found on the internet as open source, 
must be located in directories where the 
Arduino IDE can find them when it 
compiles the sketch. This is standard 
Arduino stuff. 
Project Evolution and Problems 
Along the Way 

As discussed in part 1, this receiver 
project started out with the acquisition 
of a new old stock (NOS) Collins 
mechanical filter, a 455 kHz “bathtub” 
unit with a 2.1 kHz bandwidth for SSB. 
Having built several SSB transmitters 
and a transceiver at this point, I decided 
to try another receiver. My first thought 
was to attempt cloning a Collins 75S- 
type receiver. Of course it would be 
impossible to duplicate the permeability 
tuned preselector used in the Collins 
radios, but a preselector built around a 
dual section broadcast (BC) type variable 
capacitor appeared feasible. These less 
expensive alternative preselector designs 
were popular in some Drake and 
Hallicrafters receivers of the early SSB 
era. The slug tuned coils I had from the 
junked piece of test equipment covered 
the range of 500 kHz to 30 MHz, and so 
were usable for the circuits in an HF 
receiver. The preselector and IF circuits 
seemed doable. 

Next, I would need to address the three 
oscillators to be used in the dual 
conversion clone. The Collins 75S series 
of receivers use a band switched, crystal 
controlled first oscillator to convert the 
incoming signal down to a first IF 
frequency of 2.955 to 3.155 MHz. This 
is then mixed with a 2.5 to 2.7 MHz 
permeability tuned VFO (PTO) to 
produce the second IF of 455 kHz. A 


crystal controlled BFO provides a 
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nominal 455 kHz LSB or USB injection 
signal to the product detector to recover 
audio from the IF signal. While I was 
pretty sure I could duplicate all three 
oscillators using tubes, getting the 
required crystals was not going to happen. 
In «addition; the classte sCollems 
architecture requires a 14 position 
bandswitch due to the limited 200 kHz 
span of the PTO. With a digital display 
to take care of accuracy, a VFO range of 
500 kHz seemed more reasonable. 
Although that would require only five 
crystals for the first oscillator, I would 
need a 500 kHz bandpass for the first IF 
around 3 MHz or so, which is pretty 
wide. With these considerations in mind 
an alternate architecture for the oscillators 
began to emerge. 

Arduino-controlled RF modules have 
already been discussed in previous 
sections. They are definitely capable of 
generating accurate and stable RF signals. 
The AD9850 chip from Analog Devices 
uses Direct Digital Synthesis (DDS) 
technology. Key to its operation is a 
digital-to-analog converter that creates a 
sine wave as a series of small amplitude 
steps over time. The Si5351 chip from 
Silicon Labs is described by the 
manufacturer as a programmable clock 
generator, and uses frequency multipliers/ 
dividers and phase lock loops (PLL) to do 
the job. You can read details about how 
they work on the manufacturer’s web 
sites. I do not pretend to fully understand 
their inner workings. 

The output frequencies from these 
modules range from a few kHz into the 
VHF range, so they appear ideal for an 
HF receiver. The flexibility of the Arduino 
system allows simple interfaces to a rotary 
encoder for changing frequency and 
frequency steps, as well as a LCD display 


that can show commanded or offset 
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frequencies and other parameters. 

There is a wealth of information on the 
internet about how hams are applying 
these ‘capabilities to -various QRP 
applications with apparent great success. 
It seemed like I should be able to use this 
technology at the three locations in my 
receiver where I needed stable and 
accurate RF sources to replace the vacuum 
tube oscillators. Some amplification 
might be needed to get the RF levels up 
to a few volts for injection into the tube 
circuits, but that seemed feasible. 

So, I procured three Arduino Uno type 
modules, three AD9850 DDS modules, 
five rotary encoders, and three LCDs, 
and began experimenting. It occurred to 
me that if the first oscillator (replacing 
the crystal heterodyne oscillator) could 
generate any frequency in the range of 
5.9 to 32.9 MHz, I could make a general 
coverage receiver for 3.0 to 30 MHz by 
using a 2.9 MHz first IF. To be usable, 
the first oscillator would need the 
capability to change frequency in 
selectable steps ranging from 10 Hz to 1 
MHz. Plus, the frequency display would 
need to be accurate to 10 Hz. But all of 
these requirements were within the 
capabilities of available Arduino sketches 
and the hardware I had. The second 
oscillator in this scheme (replacing the 
PTO/VFO) would only need to generate 
frequencies in the range of 2.445 MHz to 
arrive at a final IF of 455 kHz. This 
frequency would be changed slightly to 
accommodate LSB and USB signals. The 
BFO would need to generate the usual 
carrier insertion frequencies for the 
product detector. The preselector would 
need to cover the entire HF range as well. 

With this grandiose architecture in 
mind, I assembled the first Arduino/ 
DDS/encoder/LCD combo together and 


started work. The whole assembly and 
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preliminary Arduino sketch were based 
on the design by AD7C that is available 
on the internet. I was able to get this 
working without too much difficulty, 
and the DDS module produced what 
looked like beautiful sine waves from 
455 kHz to about 40 MHz. The output 
was about 1.0 volts peak-to-peak at lower 
frequencies, dropping off to about .5 
volts approaching 35 MHz. This was 
caused by a low-pass filter on the module. 

Clearly the output of the AD9850 
modules would need to be amplified to 
provide adequate injection signals for the 
vacuum tube circuits. Since I would need 
to go as high as 33 MHz, I wanted an 
amplifier that would do the job with flat 
response. Based on internet research, 
none of the circuits using discrete 
transistor designs would work. VK5TM 
reported good results with the LMH6703 
current-mode op amp, so that’s the 
approach I pursued. The module I ended 
up with was described earlier. There is a 
lot of information available on this chip 
at the Texas Instruments web site. The 
circuit I used is their non-inverting gain 
circuit, as modified slightly for a single- 
ended power supply. 

The three Arduino sketches and shields 
were configured identically, with the 
capability to connect a rotary encoder 
and LCD to set and readout frequency. 
Each shield had an LMH6703 amplifier 
module installed. The outputs were 
injected into the cathodes of the first 
mixer, the second mixer and the product 
detector, just like the 75S-3 does. An 
LCD was installed in the front panel, 
and a rotary encoder was mounted to the 
chassis in a small minibox, with its shaft 
brought out to the front panel. These 
were intended to be the main frequency 
controls, and were connected to the first 


Arduino in the signal path, the one that 
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Figure 19, Top View of Radio in its Initial Configuration: The rotary encoder is in the 


black minibox in center of chassis. 


would tune 5.9 to 32.9 MHz. The other 
two Arduinos had LCDs and rotary 
encoders, as shown in figure 17, 
temporarily connected for test purposes. 
The first IF at 2.9 MHz was implemented 
using two coupled coils (L11 and L12), 
similar to the 75S-3 bandpass IF. Sketches 
were written and loaded into the Arduino 
modules for the three frequencies that 
would be required. 

Figure 19 shows a top view of the radio 
in this initial configuration using the 
three Arduino/AD9850 modules. Figure 
20 shows the solid state chassis. As can be 
seen, everything was well thought out 
and the installations were nice and neat. 
There were no extra holes anywhere. 
Because there were fewer vacuum tubes 
in the initial configuration, the B+ current 
demand was lower and I was able to use 
a 6X4 rectifier tube and smaller filter 
choke. These are visible next to the power 
transformer in figure 19. There was no 
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need for the 0B2 voltage regulator tube 
in this configuration, since all three signal 
sources used quartz crystal-frequency 
references. Comparing this layout to the 
final configuration shown in figure 2, 
[Part 1] differences are: a) the 6X4 had to 
be replaced with silicon diodes, b) 
regulated B+ was needed for the VFO 
and crystal oscillators, so the 0B2 used 
the socket formerly occupied by the 6X4, 
and c) a larger filter choke was needed, 
which required swapping locations with 
the low voltage transformer. 

When the initial configuration was 
finally integrated and testing began, the 
first thing I noticed was an abundance of 
“birdies” and spurious signals all across 
the bands, some occurring every few kHz 
or so. Changing the frequency of the first 
oscillator by as little as 10 Hz would 
cause changes in the birdie frequencies 
and overall tones, not by a few Hz as 
expected, but by unpredictable amounts. 
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Figure 20, Solid State Chassis in its Initial Configuration: Three Arduinos and three 


AD9850 DDS modules were used. 


Changing the second oscillator frequency 
caused similar results. Substituting a first 
oscillator signal from my HP 8640B 
signal generator eliminated some of the 
noises, but changing the second DDS 
frequency would still cause digital- 
sounding tones. Since I didn’t have a 
second signal generator, I was unable to 
test the effects of two clean oscillator 
signals. 

From the digital sounding nature of 
the noise I was getting, I suspected the 
DDS chips were generating some kind of 
low level spurious signals, or “spurs.” So 
I decided to look at the AD9850 signals 
on my HP 141T spectrum analyzer. I was 
unable to see any significant spurious 
signals within the 60 dB or so of useful 
dynamic range on the analyzer. | also 
tried all sorts of additional bypassing, 
decoupling and moving wires around; 
none of these made the slightest bit of 
difference. 

It was then that I decided to see if other 
hobbyists have encountered similar issues 
with these DDS chips. There is a lot of 
information out there on how to make 
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circuits and write Arduino sketches with 
the AD9850, but what about problems? 
Doing an internet search on the keywords 
“spurious noise problems with ad9850” 
returned several discussions, including 


this blog on eham: http://www.eham.net/ 
eWamirorniny sit) ride pip / 
topic, 115343.0. html. 


By far, the most sensible explanations 
I found anywhere on the internet were 
several comments by N3QE found in the 
above blog. It is recommended reading 
for anyone thinking about using this 
chip. Especially interesting was his 
comment, “...do small changes like a 
single step frequency change in the DDS 
VFO cause a complete change in the 
buzzes and whines? If so, you are getting 
the spurs.” Well, that is exactly the way 
my radio was behaving. And as N3QE 
goes on to explain, there are no simple 
methods to make it better. 

More internet research revealed that 
predicting the exact characteristics of 
these spurs at any given frequency is 
apparently a complex math exercise that 
is impractical. And some of them will be 
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very close to the desired carrier. The 
Analog Devices data sheet for the chip 
specifies that the Spurious Free Dynamic 
Range (SFDR) is at least 50 dB down 
from the desired carrier. While that may 
sound good, it must be realized that in 
my receiver’s architecture there is perhaps 
80 dB of IF gain after the second mixer 
that is provided by the two 6BA6 
amplifiers. I suppose the mixers see the 
close-in spurs as some type of modulation 
that is indistinguishable from the input 
signal, so it appears in the mixer output 
products along with the desired signal. 
Since these products are close-in, they 
can’t be filtered out by any reasonable 
means. Needless to say, these results were 
very disappointing. And unfortunately, 
it required integration of the complete 
radio for the problems to become 
apparent. 

Nevertheless, in a last ditch effort to 
stay with my initial approach I decided to 
ify the oi 5) hwekipy since, me iuses an 
entirely different method to generate a 
clock signal. Plus, the QRP Labs Si5351 
modules had the same footprint as the 
AD9850 modules, so the conversion 
would not be too difficult. I procured 
and built several kits from QRP Labs, 
rewired the Arduino shields, revised the 
sketches, and began testing. Results were 
just about the same as the AD9850, with 
digital sounding tones across the spectrum 
that would change with the slightest step 
in frequency. Since this chip generates 
square waves, I thought maybe that was 
the problem. So several low-pass filters 
from QRP Labs were acquired, assembled 
and temporarily installed in an attempt 
to filter out the harmonics. These made 
little to no difference. I could totally 
bypass the filter and the noise stayed the 
same, once again suggesting I was dealing 


with close in spurs that can’t be filtered 
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out. Another annoyance encountered 
with the Si5351 was a pop in the audio 
with every click of the rotary encoder as 
frequency was changed. I could not find 
any fixes for that on the internet. 

At this point I was no longer inclined 
to pursue the solid state approach for the 
first two signal sources. I realized that to 
make the radio work I was going to need 
a crystal-controlled oscillator for the first 
and an analog VFO for the second, and I 
might as well use vacuum tubes. When I 
started looking at available crystals, it 
soon became apparent that the 75S-3 
architecture would have to be abandoned. 
But there were cheap microprocessor 
crystals readily available in the frequencies 
needed for a Drake 2-B mixing scheme. 
This would in turn require a 3.5 to 4.0 
MHz bandpass for the first IF that would 
synchronously tune with a 3.955 to 4.455 
MHz VEO. I just happened to have a 
three section variable capacitor from a 
junked ARC-5 receiver that would do 
the job. It had a beautiful vernier drive 
mechanism. Two of the sections could 
tune the variable IF bandpass coils, while 
the third could handle the VFO. So once 
I figured out how to mount this variable, 
the final configuration of the radio 
described earlier quickly emerged. A 
Si5351 module was still used for the 
BFO. When I powered up the new 
configuration and began testing, at last 
there were no birdies! 

There “were a ‘couple’ of former 
modifications on the way to the final 
configuration worth mentioning. The 
first iteration of the crystal oscillator used 
the pentode section of the V2 6U8 
connected as a triode (i.e., the screen grid 
was connected to the plate). I then used 
the triode section of that tube for the first 
mixer, mostly because of all the fanfare 


about triodes being less noisy mixers than 
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pentodes, and the fact that the 75S-3 
uses the triode section of a 6U8 for its 
first mixer. Then again, the Drake 2-B 
uses the pentode section of its 6U8 for 
the first mixer, and it seems to do just 
fine. Well, it kind of concerned me that 
with my new Drake 2-B architecture | 
was using a triode as a straight-through 
amplifier on 80 meters. This seemed like 
it might turn an amplifier into an 
oscillator. While I didn’t notice any 
outright oscillation, I did eventually 
discover that on 80 meters the bandpass 
IF seemed to have a lot more gain at the 
4.0 MHz end. Sure enough, I was getting 
regeneration that increased at the higher 
frequency. Changing the mixer over to 
the pentode section of the 6U8 put a 
screen grid in the way of the signal grid 
and plate, and stopped the problem. So 
now I think I know why the Drake 2-B 
did the same thing. 

Another feedback problem occurred 
between the plates of V4 and V7. The 
plate of V4 has the input to the first IF on 
it, while the plates of V7 carry the output 
of the second IF. The tubes are about 
three inches apart, which was just close 
enough to almost cause an oscillation 
with the IF gain control at maximum. It 
took a lot of troubleshooting to run this 
one down. As seen in figure 2, [in part 1] 
these tubes now have shields which 
completely eliminated the problem. 

Final Thoughts 

It took about a year and a half to get 
this radio to its final configuration and 
complete the documentation. A lot was 
learned along the way, especially in regard 
to Arduino technology. If my initial 
configuration had worked, no doubt the 
total project time could have been cut in 
half. 

The frequency counter and BFO 


techniques presented in this article were 
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successful, and might be applied to any 
tube radio. I did have my share of 
problems using Arduino controlled RF 
synthesizers in the front end of the radio, 
1.e., before the high gain IF amplifier 
stages. Despite these results, I am in no 
way suggesting that these clever devices 
be avoided like the plague. They are 
inexpensive to buy and fun to work with, 
including writing the Arduino sketches. 
I do think it’s important to point out 
some of their limitations, and advise any 
prospective users to research their 
applications beforehand. If you plan to 
use these with a vacuum tube radio, | 
would strongly suggest building up a 
prototype module and testing it out before 
drilling any holes or cutting metal. Who 
knows, maybe yours will work just fine. 
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Corrections to The 75S-2B Receiver, 


Part 1 
Mike Bohn sent a few corrections to 


part 1 of his article (ER #347) that did 
not make it into the final text. These are 
included directly below with apologies to 
the author: 

P. 32, Paragraph 1: International Radio 
should be “International Crystal 
Manufacturing.” 

Top of P. 40: 6.0 to 9.1 MHz ARC-5 
should read “3 to 6 MHz ARC-5.” 

P. 42, Beginning of 2nd paragraph 
should read “For AM reception, the IF 
signal is applied to the pin 6 diode plate 
of V7 through a 100 pF capacitor.” The 
second-to-last sentence, same paragraph, 
should read “A 220 ohm resistor in series 
with the headphones greatly reduces 
annoying 60 Hz hum while still providing 


plenty of volume.” 
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Homebrew 
Showcase 


The “Homebrew Showcase” is a new column intended for builders to share their 
projects in ER. Id like to encourage readers to send in photos and brief 
descriptions of their projects. 


James “JeRB” Buchanan, K8WPI, Kalamazoo, MI, has been homebrewing his 
equipment for many years and has written ER articles about his techniques. The 
equipment he’s made is beautiful and professional, ranging from hefty antenna tuners 
to complete multiband HF transmitters. A few photos follow and more will be 
presented in future issues, space permitting. 
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Another of JeRB’s creations is “Throckmorton,” which is a complete HF transmitter, 
built with one of the very fine Millen dials. Note the lights and indicators on the left 
side of the dial. 


“Auntie” is an antenna tuner with a panel design that matches his transmitters. It has 
full metering for antenna current in two output lines and also SWR. Note the use of 
National Velvet Vernier dials tuning the input and output networks. These used to be 
easily available from Fair Radio Sales...but no more. 
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Gary Poland (W8PU), Midland, Ohio, has finished building some vintage 
transmitters. He was inspired by the recent AWA Bruce Kelly Memorial QSO Party 
and after a lot of research and help from other hams that have already built similar 


projects he completed a Type 27 Hartley for 40 meters and a Type 10Y TNT for 80 


meters. 


This is Gary’s 1920's 
40 meter Hartley rig 
that uses a type 27 and 
all-vintage parts. 


The Type 10Y TNT at W8PU! 
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Larry Jeffers, Cohasset, MN, has built some really beautiful replicas of early 
equipment, some of which are in the photos below. 


This is Larry’s beautiful “Walnut and Brass Crystal Set” that looks like all of the parts 


are correct to its period. 
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These are photos showing the front and rear of Larry’s “19 Twinplex” using typical 
plug-in coils. The type 19 was a dual Class-B power triode with a 2 volt filament, 
originally introduced before RMA registration began in 1934. 


ER 
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Midwest Military Radio Collectors Group 

The newly-formed Midwest Military Radio Collectors Group encourages everyone 
attending the Hamvention to bring your green and portable radios and participate in 
the traditional Saturday on-air nets: 

¢ 1200 noon EDT: World War II military radio net: 3885 kHz AM - Joe, 
WA4VAG, Net Control. All radios are welcome, as long as they can operate in the AM 
mode. Gather in front of the MMRCG spaces (7940, 41 & 42) in the flea market for 
a group photo after the net (Or just look for the MMRCG banner and camo canopy). 

e 1330 EDT: HF Pack Net: 18.1575 MHz USB -Tom, KZ8ZZ Wet Cansrol: 
Gather in front of the grandstands for a group photo after the net. 

¢ 1430 EDT: Cold War Net: 51.0 MHz FM - John, KOWT Net Control. Gather 
back at the MMRGC banner for a group photo after the net. 

The on-air nets during the Hamvention are a chance to get those military and 
commercial portable rigs off the shelf and have fun using them in the field. It’s also a 
good opportunity to see working examples of some interesting backpack and portable 
radios from the 1940s to the modern era. The plan this year is to monitor 3885 AM 
all day Friday and Saturday, so bring your radio - we look forward to seeing (and 
hearing) you at Xenia! At Dayton, check pu 7440, 41, ae see 


Also, here is a photo of WA4VAG in 
action as our WWII Net controller using 
the Chinese type 102E HF Radio. (With 
alittle help from a friend!) Vintage radios, 
both military and commercial (and the 
occasional homebrew!) show up on all 
three of these nets, and Joe always 
surprises us with what he brings for the 
WWII AM net - ranging from packsets 
to a full ART-14/BC-348 setup, running 
from four car batteries! 73, Bob WORAN 


The Popular Annual N7RCA Radio, Electronics, and Hi-FI Swat Meet! 

All are invited to the Northern Nevada Radio Swap Meet on June 2, 2018 7:00 am 
until ??? 

Date June 22008 

Where: (N7RCA) in Minden, NV, 20 miles from South Lake Tahoe, 15 miles south 
of Carson City, NV. 

When: June 2, 2018 7:00 am 

For a map and much more information go to www. N7RCA. info 
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AM Carrier Net: Sunday mornings, 8:30AM local Eastern time, 3835 kc. QSX W2DAP. Friendly format. 

Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 

Arizona AM Nets: Sat & Sun: 160M 1885 kc @sunrise. 75M 3855 kc@6 AM MST. 40M 7293 kc 10 AM MST. 6M 50.4 

Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST. 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M winter nights, 

40 summer nights, 20 and 30 meters day. Informal nightly net about 0200-0400Z. 

California Early Bird Net: Sat. mornings @ 8 AM PST on 3870 kc. 

California Vintage SSB Net: Sun. mornings @ 8AM PST on 3860 +/- 

Colorado Morning Net: Informal AMers on 3875 ke daily, Mornings Only at 6:00 AM MT MT, QSX 

K@OJ 

Collins Collectors Association Nets: Sunday, 14.263 Mc @ 2000Z. Informal Tue. & Thurs. eve. 3805 kc @ 2100 ET. West 

Coast 75M net, 3895 kc 2000 PT. 10M AM net 1800Z, 29.05 Mc Sunday, QSX 1700Z. CCA First Wednesday AM Night monthly, 

3880 ke starting @ 2000 CST, or 0200 UTC. 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WB@IQK), Doug (WIDCQ), Bob (W4WTO), 

Evan (K9SQG) Drake Users Net: Check 3865 kc, Tue. nights @ 8 PM ET. QSX Evan (K9SQG) Drake WestCoast Net: 3895 

KHz +/- QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 Kc @ 0800 AM, ET on Sun. QSX op is Mike (N8ECR), with alternates. 

Eastern AM Swap Net: Thu. evenings on 3885 kc @7:30 PM ET. Net is for exchange of AM related equipment only. 

Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. QSX 

for both nets Warren, W1GUD 

Fort Wayne Area 6-Meter AM net: Meets nightly @7 PM ET 0n 50.58 Mc. Another long-time AM net, meeting since the late 

‘50s. Most members use vintage and homebrew equipment. 

Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 kc, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 

Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don. 

K1JCL 6-meter AM repeater: Operates 50.4 Mc in, 50.4 Mc out. Repeater QTH is Connecticut. 

K6HQI Memorial 20 Meter Net: Flagship AM net 14.286 Mc daily for 25+ years. Check 5:00 PM Pacific Time. 

Lake Erie Boatanchor CW Group (LEBN): Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8KYD) or Jeff (K3K YR) 

Midwest Classic Radio Net: Sat. morning 3885 kc @7:30 AM, CT. Only AM checkins. Swap/sale, hamfest info, tech. help 

Mighty Elmac Net: Wed. nights @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 +5 kc. QSX: N8SECR 

MOKAM AM’ers: 1500Z Mon. thru Fri. on 3885 ke. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M 

Tues. and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 kc. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. QSX op Paul (W1ECO) 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 kc +/- QRM. QSX Ted, W3PWW. It isn’t necessary to 

check in with military gear, but that is what this net is all about. Late checkins are welcome. 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Steve, K3ALV 

Southeast AM Radio Club: Tue. evening swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 

(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM on 50.4 Mc. QSX op is Will (AA6DD). 

Swan Nets: Users Net Sun 2100z 14.293Mc+/-QRM. QSX op rotates Jim (WA5BDR), Ron (KC7PSY), Bill (W4WHW), 

Jay (WB6MWL). Tech Nets: Mon 2300z 14.252Mc QSX op Steven (KB7BGS) / Sat 2-4pm ET 7.235Mc QSX op Stu (K4BOV) 

Texoma Trader’s Net: Sat. morning 8:00AM CT 3890 kc, AM & vintage equip. swap net. 

Vintage SSB Net: Sunday 1900Z-2000Z 14.293 & Wednesday 0300Z. QSX Lynn (K5LYN), or Adolph (WA5IGG) or 

Vince (WB4BPS) 

West Coast AMI Net: 3870 kc Wed 7PM PST 8PM PDST. Early check-ins: Skip (K6LGL) 6PM PST 7PM PDST. Net 
i e eorge (WA6H 2nd 1a 6IRD) 3rd Wed, Steve (KF6SYD) 4th 


ontrol rotates: Brian (NI6O \ 


Westcoast Military Radio Collectors Net: Sat. @ 2100 Pacific Time 3985 kc +/- QRM. QSX W7QHO. www.mrcgwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 
Wireless Set No. 19 Net: Second Sun. 7270 ke (+/- 25 Kc) @ 1800Z. Alternate 3760 kc, +/- 25 kc. QSX Dave (VA3ORP). 
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CLASSIFIEDS 


Advertising Information: Please Read 
Ads received AFTER the deadline will be held for 
the NEXT issue. 


How to Submit Ads: WE GREATLY ENCOURAGE ALL ADS 
TO BE SENT BY EMAIL. Ads are printed the way they are 
received. If an ad must be sent by regular mail, neatly print or 
type the information so it is LEGIBLE. Ads that are not legible 
will not be included. We are not responsible for ads sent by mail 
that are lost by the postal system or ads that are not legible. 


Do not mail ads a week before deadline and expect them to 
show up the following month. 


Ads run ONE month UNLESS CLEARLY STATED otherwise. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Please email for the display ad rates, they are different 


from regular classified ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
are 20 cents. Please count the words in your ad as described 
above, and if you are over 20 words, send payment for the extra 
words at 20 cents for each word. Not all readers use email, so 
include phone numbers if a response is desired. 


No Free Words for Non-subscribers: $15.00 minimum for each ad up 
to 20 words. Each additional word is $1.00. 

Electric Radio 

PO Box 242, Bailey, Colorado 80421-0242 

Ray@ERmag.com (Emailed ads are preferred.) 


- | “DEADLINE for June 2018 is Thursday, May 24¢ 
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MANUALS FOR SALE: Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or (best) email. 
Robert Downs, 2027 Mapleton Dr., 
Houston, TX 77043, wa5cab@cs.com 


FOR SALE: BC-939B ATU for BC-610, 
nice condx, will deliver MN or ND. Mfr 
Barker & Williamson. $200. Don, VE4AY, 
truemand @ mymts.net 


FOR SALE: National 50 kHz IF 
transformers. Several bandwidths. From 
diversity receiver system. $2.50 each. 
Walter, 847-697-5668 


FOR SALE: Navy RU-18 Receiver and 9 
coil sets. Rx and 6 coil sets SN, 2301. 
195-830kc, 850-13575kc. 
$200.00+shipping. RU-18 control switch. 
$50.00 + ship, remote tuning control, 
$50.00 + ship. RU-16 Dynamotor, $50.00 
+ ship, have connectors and tuning 
cables. Have much more, Navy and SCR- 
183 sets. ARC-5 sets, complete. All good 
to excellent condition. Give me your 
needs. | have stuff. Wild 
Bill, wildbillKOIKP @ aol.com, 303-229- 
4611 


FOR SALE: Military FR-149B AN/USM 
159A Frequency Meter, perfect condition 
with all included accessories $175 plus 
shipping rwboyd@yahoo.com 613-722- 
4098 


FOR SALE: 307A Tubes for SCR-284; 
Vibrator PS, PE-104, for SCR-284, $20. 
Dave, WB9OWHG, 608-515-3466, 
wb9whg @arrl.net 


FOR SALE: Do you have a Collins 3907? | 
have two TMS for sale. Call Howard 301- 
320-3028 


FOR SALE: Space 7474, Dayton 
Hamvention, Friday only: Eico 720, very 
nice, PA needs attention, AccuMemory Il, 
Keys fine, memory needs attention, Hy- 
Gain SW1, RME DB23. Details: 
WOCAR @arrl.net; 303-619-0372 
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FOR SALE: Military FR-149B AN/USM 
159A Frequency Meter, perfect condition 
with all included accessories $175. Both 
plus shipping. rwboyd@yahoo.com 613 
722-4098 


FOR SALE: B&W 5100B, $45. Johnson 
6N2, $25. Communicator IIl 6 Meter, $40. 
Prefer pick-up. Herb, K9GTB, 217-851- 
1289, 1727 S. Rodgers Ave, Alton, IL 
62002 


FOR SALE: Gonset Twins, G-77a and G- 
66b. All cables and matching power 
supplies and manuals. Andy, 
K6RY ,candoandys @aol.com. 559-903- 
2482 


FOR SALE: Western Electric Model 310B 
broadcast transmitter. Excellent 
condition, on 1925kHz. B/O or trade. Gary, 
K6GLH @volcano.net or 209 418-4741 


FOR SALE/TRADE: WRL, Gonset, E.F. 
Johnson, Collins, Drake manuals; Allied, 
Lafayette, B.A., Walter Ashe catalogs; 
Gernsback radio publications and 
magazines; ARRL Handbooks 1942- 
1954; RSGB Handbooks. NI4Q, POB 
690098, Orlando, FL 32869. 407-351- 
5536, ni4q@juno.com 


SACRIFICE: 1940 Philco #42-842 (122) 
Three-Way Portable, intermittent 
operation. Schematic, Instructions. Pay 
just UPS with Money Order. Louis 
D’Antuono, WA2CBZ, 8802 Ridge Blvd, 
APT C-2, Brooklyn, NY 11209 718-748- 
9612, Call After 6 PM EST 


FOR SALE: ALPHA AMPLIFIEROWNERS 
New panels for Alpha 76A, 78, 374, 77Sx 
and 77Dx. Contact John Stanford, KF6l, at 
wb8svn @gmail.com or 714-412-7399 
with your requirement. 


FOR SALE: Autek, Eico, Heathkit, Icom, 
Knight, National, and Tektronix gear. 
Please email for list. David Justis, KNOS, 
dijustis1@juno.com, 952-836-5570 
Leave Message. P.O.280, Wicomico, VA 
23184 
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FOR SALE: 8 repairable 1930’s wooden 
console radios. Call for more info, Walter, 
718-456-1988 


FOR SALE: HF Radio interfering with your 
phones? Try these plug and play filters. 
1st for $4, others $3 each plus shipping. 
Brian Harris WA5UEK 
cosmophone @ yahoo.com 


FOR SALE: Magnavox Console Stereo 
1960s, 5 feet wide, Auto Record Player, 
Cassette Tape, $95 Toshi Yamada, 7107 
175th PL SW, Edmonds, WA 98026 
jalftc @ hotmail.com 


WANTED: 3 or 4 85kc IF transformers and 
BFO transformer from BC-453, or 
complete BC-453 junker for same parts. 
John Perry,K5ICI, 870-647-1244 


FOR SALE. NOS Cutler Hammer toggle 
switches. SPST 20A @ 125V. DPST 16A 
@ 125V $5.00 apiece plus shipping. John 
H. Walker Jr., 13406 W 128th Terr., 
Overland Park, KS 66213. PH 913-782- 
6455, EMail jwalker83 @kc.rr.com 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 


FOR SALE: Obsolete Triplett meter, tester 
and hardware parts. Need Triplett number 
from manual. Unused stock. Bigelow 
Electronics, PO Box 125J Bluffton, OH 
45817-0125 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100IG. John H. 
Walker Jr., 13406 W. 128th Terr., Overland 
Park, KS 66213. PH: 913-782-6455, E- 
Mail: jwalker83 @ kc.rr.com 


FOR SALE: Absolutely complete ER 
collection, including 2017, including library 
boxes. Excellent condition but some 
Classifieds in some issues circled in pen. 
$375 plus $25 shipping. Stan, W2ST, 
$930s @ optonline.net. 
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SERVICE FOR SALE: Repair, upgrade, 
performance modification of tube comm. 
& test equip. Accepting most military, all 
Collins & Drake, & better efforts from 
others. Laboratory performance 
documentation on request. Work 
guaranteed. Chuck Felton, KD@ZS, Felton 
Electronic Design, 1115 S. Greeley Hwy, 
Cheyenne, WY 82007. 307-634-5858 
email: feltondesign @ yahoo.com 


DRAKE OWNERS: Solid State LED Lamp 
replacements for all 4-line and 7-line 
equipment. Don, N9O0O, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


SERVICE FOR SALE: R390A repairs & 
rebuilding. Bill Riches, WA2DVU, Cape 
May, NJ. 609-465-5005 
bill. riches @ verizon.net 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 ppd. 
Chuck, NZ5M, nz5m @arrl.net 


SERVICE FOR SALE: Let’s get that old 
radio of yours working again! Antique 
Radio Repair - All Makes- Also Transistor 
Radio Repair. Tom Senne, AC8DA, 937- 
258-0124, Dayton OH, _http:// 
TomsAntiqueRadioRepair.com 


FOR SALE: 60 years of electronic parts by 
mail. Components, Hardware, Tubes 
Meters. Free Flyer USA. Bigelow 
Electronics, POB 125, Bluffton, OH 45817- 
0125. 419-358-7851 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum Overlays. 
Dakaware Knobs. Charlie Talbott, 13192 
Pinnacle Lane, Leesburg VA 20176-6146. 
540-822-5643, k3ich @arrl.net 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. High 
quality photocopies at reasonable prices. 
Some originals also available. Please 
email or call with your needs. David 
Crowell, KA1EDP, 401-934-1845 
kaiedp @yahoo.com 


May 2018 


WANTED 


Ham Radio, Vintage Audio 


and Tubes 


Based out of Nevada, we travel the 
Western United States buying sur- 
plus equipment. We buy vintage 
and modern ham gear, as well as 
high fidelity audio and tubes! 


Ham Gear Vintage Audio 


Tubes Large Speakers 


Military Equip Telephone Equip 
Boat Anchors Old Computers 
Manuals Test Equip 


Components ua. and more! 


Call or email for info... 
1-866-988-0073 
KG/7LOV@hamandhifi.com 
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HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 


wrist support to fit a man’s hand, with new UV 


EZ Hang, Code E 
75 Goldfinch Way 
Capon Bridge, WV 26711 


www.ezhang.com 


Call Today! 


resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 14,000 satisfied 
customers around the world! 


304-856-1026 


SERVICE FOR SALE: SMO and module 
repairfor KWT-6, URC-32 and other Collins 
radios. Jim Whartenby, 
antqradio @sbcglobal.net, 501-282-2991 


SERVICE FOR SALE: | build hot-rod 
receivers: R-390A, SP-600, and 
transmitters: Valiant, DX-100, T-4X-A-B, 
AF-67. Chuck Felton, KD@ZS, Cheyenne 
Wyoming, 307-634-5858, 
www.feltondesign.com 


INFO -see www.navy-radio.com for photos 
and info on Navy radio gear. Nick, K4ANYW, 
navy.radio@ gmail.com 


WANTED: Chassis for Federal 61 receiver. 
Also 7”x 22"x 0.25" Marbelite panel. 
Richard Howard, K7DVK, 9999 S. E. 
French Acres Dr, Happy Valley, Oregon, 
97086, dhoward27 @comcast.net 


503-775-6697 


WANTED: Mic Connector for a Harris RF- 
301, also need AM-3507 Module for a 
PRC-47, jeffwiaea@gmail.com 802- 
933-4294 


WANTED: 3 IF transformers for a BC-946/ 
R-24 at 239kc, broadcast band receiver. 
Mike Shaw, K2LRE, 11 Caton 
Terr.,Caldwell, NJ, 07006, 
K2LRE@AOL.COM, phone 973-228- 
5722. 
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WANTED: Schematic or manual for an 
Italian made IRET PRC-439, low band FM 
pack set 40-50 Mhz. Mike Shaw, K2LRE, 
11 Caton Terr., Caldwell, NJ 07006, ph 
973-228-5722. 


WANTED: Cush-Craft ATV-5, HF trap 
vertical antenna. Mike Shaw, K2LRE, 11 
Caton Terr., Caldwell, NJ 07006 
K2LRE @AOL.COM, ph.973-228-5722. 


WANTED: Vico model 88 stereo amp ,or 
schematics for models 88/89. Mike 
Zuccaro, mjzuccaro@aol.com, 858-271- 
8294 


WANTED: Hallicrafters SX-85 tuning coils, 
IF Transformers and slugs. Mark, 
KD2NOM, 732-213-0159, 
kd2nom @ gmail.com 


WANTED: AN/APN-1 REBECCA Receiver/ 
transmitter RT-1A/APN2 and associated 
components for a C-47 restoration project. 
Mark, WOPXM, 303-278-3908, 
mmckeown @tde.com 


WANTED: Quantity of crystals, 5500 kc 
and 5595 kc. Steve Bartkowski, 708-243- 
1/13 


WANTED: Service for Watkins-Johnson 
WJ-8718 receivers. We have several at 
KPH that need repair. Can you help? 
info@radiomarine.org 415-990-7090 


May 2018 


awarded for the best! 


this event. 


WANTED: WW II German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 405- 
525-3376, bglcc @aol.com 


WANTED: Hallicrafters SX-115 parts radio 
or tuning dial, S-Meter and bracket, RF 
GAIN and ANT TRIMMER knobs, and two 
piece front panel. Gary Harmon, K5JWK, 
210-657-1549 or gharmon @idworld.net 


WANTED: A photocopy or scan of “The 
Genesis of Station CHARLES” by George 
L. Graveson. Also “The OSS Comm Vets 
Papers, Second Edition.” 
daveg3uur @ gmail.com 


WANTED: Teletypes for WWII museum 
working display. Models 14, 15, 19, 20, 
especially military, WWII versions. Low 
cost or donations near Colorado? Wayne 
WB40GM, hwhall@compuserve.com, 
719-574-5319 
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6th Annual W9DYV Boatanchor Hamfest 
July 21 - 22, Jonesborough, TN 


This year’s event will be held, once again, at Storybrook Farms in 
historic Jonesborough, Tennessee on July 21-22. Plans are being made 
for numerous technical discussions, fleamarket (including a fee based 
“deluxe” fleamarket which is shaded, has electricity, an open soft drink 
bar and bathroom facilities). We'll be providing a listing of nearby 
motels. Every year this event gets bigger and better. If you’re 
into” boatanchors” you don’t want to miss this! Make plans to attend. 


Bring and display your home-brew and boatanchor restorations. Prizes 


QST - Call for Presenters! We are looking for folks to present topics 


about restoration, homebrewing, history of vintage manufacturers, 
using new technologies, etc. Don’t be shy! Contact us for details. 


¢ Visit http://www.ce-multiphase.com for the most current details on 


e Address any questions to nick.tusa@tusaconsulting.com 


WANTED: Collins Manufactured Tubes 
(ca 1936-1938) Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C-251A, 
C-279A, C-800, C-802, C-841, C-849, C- 
852, Water Cooled Triodes such as C- 
207, C-858, etc, Air Cooled Rectifiers 
such as C-249A, C-357A, etc and Water 
Cooled Rectifiers such as C-214, C-237A, 
etc. Jim Stitzinger, WA3CEX, 23800 Via 
lrana, Valencia, CA. 91355, 818-519-4419 
jstitz @ pacbell.net 


WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to. complete his 
collection. Steve, W6SSP, 707-544-8142, 
Santa Rosa, CA. zarco@sonic.net 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 stuff. 
Harry Weber, KC9QID, 4845 W. 107th St., 
Oak Lawn, IL 60453-5252 
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Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a bygone era”). The back has “Real 
Radios Glow in the Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. 
The coloris slightly lighterthan 
the cover of ER. $17.00 
delivered, $18.00 for XXL. 
(Medium Available by Special 
Order) 


The Collins DVD Repair Library 
THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 
the world of video. You can instantly access whatever part of the video you want. 


Collins OVW IVE 2 os. OSs. ..n kde secs cecdasveane 4 hours, $89.95 
Collins 75S-3 and 32S-3............. sesceeeeeeee 2 HEOUrS, $89.95 
Colbinis-SO TT ce aw eccccad seseseseeeed HOUL, $39.95 


Collins SOS9U5 Ao e cece rouse sececoseeseettedcee L NOUr, $39.95 
Collins KWS-1 Winans savevckeeneaeeeee 2 hours, $39.95 
Collins 75A-4................ a Saye 2 hours, $89.95 
COTLITNIS? RS 90 Ae iccsecnccerescoccnescsssesontantettees 7 hours, $109.95 
Collins R-390A Addendum....... sesesseeeeeeda HOULS, $49.95 
Hammarlund SP-600JxX........ secssessesceeeeeeet Hours, $89.95 


Shipping within the US: $6.75 each for the first two DVDs, additional 
titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 
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DIGITAL VFO eee os SIME £ DRAKE R4 SERIES 


COLLINS 
Includes A 
2./MHz Crystal 
Oscillator 
To Replace 
The Collins 


VFO, Giving 
Complete 
Control To The 
VFO 1000 
$275 + $15 S&H 

Easy installation ¢ just plug in the adapter and connect the cable 


THIS IS A DIGITAL VFO ¢ NOT JUST A DIGITAL READOUT 


DRAKE 
All Tuning 
Is Done With 
The VFO 1000 
Providing 
Complete 
Digital Control 
For Highest 
Accuracy And 
Stability 
$250 + $15 S&H 


More Info & Order At kk4pk.com 


WANTED: 1930's civilian airline radios 
(air or ground station use) Any radios or 
test gear used by FCC (Hallicrafters etc) 
Any HRO style radio made outside the 
USA. Tnx! Brian, KN4R, 
briankn4r@ gmail.com, 704-657-8910 


WANTED: ARC-5 transmitter racks MT 
Gory i. /o.- 75. Steve, \K2DKT, 
skeller53@gmail.com, 718-405-8378 


WANTED: Cartoon QSL Cards designed 
by illustrator Otto Eppers W8EA - W2EA. 
Immediate CA$H. Pete, NL7XM @arrl.net 
or PO Box 3026, Easton, PA 18043-3026 


WANTED: FCC and RiD-related items. 
Anything HF/DF related. Black HROs and 
WWII German and Japanese radios. R&S 
SK010/3202 transmitter docs. Thanks! 
Brian, KN4R, 704-657-8910 or 
briankn4r @ gmail.com 


WANTED: PRESS WIRELESS, NY: 
Photos, information WANTED on 
Hicksville, Baldwin, Little Neck, 
Centereach, Northville facilities. George 
Flanagan, 42 Cygnet Dr., Smithtown, NY 
11787 w2krm @optonline.net 631-360- 
9011 


WANTED: The serial number and tube 
complement of your B&W 370 SSB 
Adapter. Grant, nqg5t @tx.rr.com, 214-629- 
8759 
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WANTED: R-390As. It was built to play, not 
sit and decay. | overhaul and find them a 
good home. Ted @x44.cc 


WANTED: Lots of IERC TR5-5020H 7-pin 
black tube shields! Chuck Felton, 307- 
634-5858 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech modulator. 
| still love National! Sylvia Thompson, 
N1VJ, Hopkinton, RI 401-377-4912 


WANTED: Vacuum Tubes: 279A, 212E, 
249B, 258B, 271A, 242A, C120, C100A, 
804, RK20, CK70, GL805, C201, ZB-120, 
802. Components for Collins 12H /12N 
speech input console, including 
preamplifiers and program amplifiers. 
Rod, W5CZ, 303-324-2725, 
rodperala @ aol.com 


WANTED: Seeking Ham/SWL/Weather 
unbuilt kits. Gene Peroni, KAGNNR, POB 
7164, St. Davids, PA 19087, 215-806- 
2005 


WANTED: Collins R-389 LF receivers, 
parts, documentation, anecdotes, 
antidotes. W5OR Don Reaves, PO Box 
241455, Little Rock AR, 72223 501-868- 
1287, W5OR@militaryradio.com or 
www.r-389.militaryradio.com 
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ZIM ELECTRONICS INRUSH ied ee LIMITERS 


Inrush Current Limiters are now available from the Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in three versions: 


Model AB-1M, (With Voltmeter,.......s.csscssssscsscsscsssecssccssseere $39.95 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 
Shipping, each limiter ..............csccccssssseeesesee 97250 


(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a slower startup for your 
valuable vintage radio equipment. The voltage drop 
across the limiter element is high when cold. As they 
warm up the voltage drop decreases. If you are con- 
cerned about high inrush current damaging your 
older equipment, this little product will prevent such Metered Inrush Lo aieee 
damage. They are not intended to be used as a voltage- Models AB-I1M, AB-300M 
reducing device. The AB-1M is 150W. All models ‘ 


come with a full money-back guarantee. Electric Radio Store 
720-924-0171 


Drake Manuals on CD 


The R.L. Drake manuals that were 
compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 
produced. Also included are official Drake 
modifications and all of the 3rd-party 
modifications by Sherwood Engineering, 


Series | + Disk 1 
R.L. Drake Co. 


and others. 

Now all of your Drake service 
information can be in one place and you 
won't have to worry about not having a 


System 


Reqirements manual when a new piece of equipment 
Any computer with 

Adobe Acrobat Reader 
Performance will vary 
depending on speed of 
the computer. 


enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 


www.ERmag.com 
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JOIN THE AWA 
ANTIQUE WIRELESS ASSOCIATION 


PRESERVING & SHARING COMMUNICATION’S TECHNOLOGY HISTORY 


e Publishes the renowned quarterly AWA Journal 

e Sponsors the unique, world famous Antique Wireless Museum 
e Publishes the scholarly annual AWA Review 

e Produces the exciting Annual AWA Convention 


Annual membership dues: $35 USA, $40 elsewhere. Visit the AWA Web Site at 
www.antiquewireless.org to learn more about AWA and other membership options. 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, NY, 
631-360-9011, w2krm @optonline.net 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: Incarcerated ham seeks 
correspondence. w/others on mil (R-390’s 
&backpacks) & tube radios. Also copies 
of postwar-90’s surplus catalogs, 
backpack specs & photos. W.K. Smith 
44684-083, FCI Ft. Dix, PO BOX 2000, Fort 
Dix, NJ 08640 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 
Will pickup if you have enough items. 
Glenn, WA4AOS, 864-684-2956 


WANTED: Vibroplex or other Bugs for 
Restoration. Email with condition/ 
images, KC9QUNL, Curt Gidding, 
curtstamp @aol.com 217-359-4017 


WANTED: To complete SCR-178 set, 
Generator GN-37, Lamp LM-18, Wiring 
diagram that screws into the case lit. 
Robert Forte, RVFORTE@GMAIL.COM 
732-894-3558 


WANTED: Information from owners of the 
BC-186 regenerative receiver for a new 
ER article. Please contact me if you own 
one of these sets. Phone me before 
8:30PM Eastern time at 607-754-2848 — 
leave a message and | will return your call 
or email me at wa2ejt59 @stny.rr.com 
Thank you! 


5 RO 
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Hayseed Hamfest LLC - Cedar Rapids, lowa 


CAN CAPACITORS 


can-caps.com 


t—2 
——_— 
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Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 


Please call us at: 941-474-6818 
FAX: 941-474-7874 


il 39@@aol. a's 
i inet nwa saihitie Then you should join the 


Licensed atleast 25 years ago and licensed today? 


Quarter Century Wireless Association, Inc. 
To Join or Renew visit: 
http JAnww.gqcwa.orgijoin-renew.php 


For more information please contact 
om@qcwa.org 


This book has everything you need to 

know about the art and science of 
mec —_|  thermatron design and construction. 
——— It pulls together thermatron types 
geting and characteristics, thermatron 
oe homebrew techniques, and how to 
SR design audio and RF triode and 
"ahem Hebe pentode circuits. The book is 233, 8.5 
Fs esgnin win totes x 11” pages, packed with hundreds of 
photos, schematics, diagrams, charts, 
and formulas. Grayson Evans, 
TA2ZGE/KJ7UM has been licensed 
(peed since 1962, grew up on thermatrons, 
: ao as spent 40 years in the electronics 
ne nuaed ancl ote Erchaival sae Omer on industry, and is bored to death with 


thermatron oscillator design. This book has everything you fs 

need to know about the art and science of thermatron design solid -State! 

and construction. It is 287, 8.5 x 11" pages, packed with 

p> stl of photos, schematics, diagrams, charts, and ; 

formulas. Grayson Evans, TA2ZGE/KJ7UM has been licensed 

since 1962, grew up on thermatrons, spent 40 years In the N OW Ava 1 | a ble from the 
electronics industry, and is bored to death with solid-state! 


NOW Available from the Electric Radio Bookstore! E | e€ Cc tri Cc R a d i oO B ele) ksto re ! 


Tubes, Tubes, Tubes 
for your next project! 


Electric Guru Parts House 
www.electricgurupartshouse.com 
Phone: 262-833-7999 


Check out our website and download latest catalog. 
David Whitham, K9DQ, PO Box 212, Franksville, WI 53126 


W7FG True Ladder Line and 


Wire Antennas 

¢ 600 Ohm Open-Wire Ladder Line 

¢ The most trusted, reliable, all-band 
doublet for 20 years. 

e Thousands in Use, Sold Worldwide 

¢ Use coupon code “ER” for 10% 

discount. 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


¢ Offering Unparalleled Free as wellas.. 


¢ Your Resource for * * Collins Radio * * 


e .... Exciting Member Benefits 
¢ World Class Signal Magazine 


e Visit at collinsradio.org & join the fun 
e See our Events Calendar 


¢ Come see what the excitement is about 


WANTED: Vibrators: Oak V-6556, 
Plessey 614SC, James Vibrapowr C- 
1243 or any marked FSN 6130-249- 
5699. Non-functioning okay, but no 
obvious junk please. Rich Parker, 
KB2DMD, 1205 Sleepy Hollow Rad, 
Pennsburg, PA 18073, 215-541-1099 
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NOTICE: Vintage SSB Roundtable every 
Tuesday at 7 PM Local Pacific Time, 
3895 Southwest USA. All welcome. Ron, 
K2RP@ARRL.NET 


NOTICE: Boatanchors Unlimited SSB 
Net, 7:30 PM Central on 3.870 every 
Wednesday since 1996. All are 
welcome. k8wozdan@gmail.com 
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Bookstore 


—ELECTRIC RADIO BACK ISSUES— 
All Electric Radio back issues are either from the original press run or lithographic reprints 
from the original negatives. Shipping prices are for delivery by media mail within the USA. 
Overseas, please inquire for shipping quotes. 


The NEW easy to use on-line search for back articles is at 
https://www.ermag.com/index/ 


¢ We no longer have all of the back issues of Electric Radio from #1, but the remaining 
stock of back issues are available at a discounted price plus $24.00 shipping, at least a 
56% discount the over single-issue price. Please call for a quote on all of the number 
of remaining back issues while they are still available. 

© Single Issues: $4.00 Each, Postpaid 

e 1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.50 Shipping 

¢ Special Deal on Any Four Years (Or Any 48 Issues): $125.00 + $9.00 Shipping 

¢ Foreign Customers: Please Inquire for Shipping Rates 


—COMPENDIUMS— 
All of the Collins compendiums are produced in nice 3-ring binders. 
Collins 75A-4 Modification Compendium: All the factory modification bulletins from Collins Radio Co., and 
all the articles printed in CQ, Ham Radio, QST and ER over the last 45 years, now 124 pages as of April 2018. 
Ah oliensa all RS RRR MeN, SORUBU cla cok cpl hat ead MEME e ea ya cee ae ae $27.00 plus $7.00 Shipping 


Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages 
PROT rere UL at, 1: Ae Oe Ce eel a be ae eh Rie Seen $47.00 plus $8.00 Shipping 


Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages--------------- $17.00 plus $7.00 Shipping 
— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent’s biogra- 
phy, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manufactur- 
ers. There are historic photographs and diagrams on nearly every page, and color plates with vintage AK 
AAVEMMISING. ----------------------- +--+ 2-2 nn nnn nnn nnn nnn nnn nnn nnn nnn nnn nn nnn nnn nnn eens $25.95 - 10% = $23.35 
Arthur Collins, Radio Wizard: 394 pages by Ben Stearns tell Arthur Collins biography from his early years 
until retirement. Stearns is a professional journalist and was employed by Collins from 1962 to 1977. Many 


historic photographs and stories from former employees. -----------------------------------------------==- OUT OF STOCK 

Again Available! Volume 1 of Crystal Clear by Maurice Siever-:-------------------- $29.95 - 10% - $26.90 
stal Clear: Crystal Sets, Crystal Detectors and stals, Volume 2: 282 page guides to crystal sets and 

related US-made equipment from 1920 to 1955, by Maurice Siever-------------------------- $29.95 - 10% = $26.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) 
wonderful new book that has everything you need to work with vacuum tubes 
in one 277 page, high quality volume! ---------------------------------------===- $32.95 - 10% = $29.65 
Make Your Own Tube Testers and Electron Tube Equipment: This new book by Gary Steinbaugh 
(AF8L), an ER contributor and a professional electronics engineer, is all about understanding tube 
testers and building them, and also contains many excellent projects such as power supplies and 
specialty oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, 
with many illustrations in full Color.---------------------------------------------002-0-00-- $36.00 - 10% = $32.50 
Mil Spec Radio Gear, Volume 2: Released in 2009, Mark Francis (KIOPF), describes in 252 spiral-bound pages 
surplus military radio equipment released since the passing of the vacuum-tube era, with the exception of 
popular items such as the CV-591 sideband adapter, the Hickok TV-10 tube tester, and a TS-375 VTVM. 12 
chapters discuss 30 different types of equipment ranging from HF to the VHF bands. The layout and photo work 


IS EXCEIlON. -------------------------------- nn non nner nnn nnn nena nena nena nnn nnn nnn nnnnnnnn nnn nnnn nnn enan enna nnne $24.95 - 10% - $22.45 
PEACUCa! MAGIO RENAN, VOIUME 1 oi....seecntsccescccncedsnsssnscessusuentecsersensseacsenedeansonshundenssececacas $26.95 
ROO PROPANE, VOIUING 2! civccnncecastncneserverenacuavesansnesvnunemcnsnaresesersnbieuanaiudwcendensenauas $26.95 


The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos.----------------------- 
monn ennennnnnnnnnnnnnnnnnnnnnnnnnnannnnnanaanannncnnanacnnannanaananaaenacnannacunancenanaaanaaamananmanasn muna maaasaaae $25.95-10% = $22.45 
Tube Type Transmitters: this is the second edition of Eugene Rippen’s excellent book on transmit- 
ters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, and more! Over 900 high quality 
illustrations with accurate descriptions and useful indexs make this a very useful volume. ..................4. $26.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis ----------------------------------------------- $29.95-10% = $26.95 

Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
inforMative.--------------------------------------------------- ono neon nnn nn nnn nnn nnn nnn nnn nnn nnn nnn nnn nena $26.95-10% = $24.25 
Again Available! Shortwave Receivers Past & Present: This is Fred Osterman’s 
long-awaited 4th edition, 2nd printing, a hardbound, heavy, 800-page masterpiece, 
more like an encyclopedia than a mere handbook! Sure to become a classic volume, 
it contains info on over 1,700 receivers from 1942 to 2013, when the book was com- 
pleted. Includes many hard-to-find details about European equipment.--------- $49.95 

The All-American Five Radio: This book is about classic American 5-tube broadcast receivers. It also contains 
a wealth of accurate, information on vintage receivers and proper troubleshooting and alignment. It’s recom- 
mended for experienced repairmen and novices alike, 92 pages. ------------------------------- $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel 
taking place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, 
and--oles, mentioning radio communications of the day. ----=-----------=--------------<"---------re<------<0--- $13.50 


Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas, a retired engineer, 
this book is packed full of valuable information about test equipment. 166 color pages. -------- 
nn nn nnn nnn nn nn nnn nnn nn nn nnn nnn nn nnn nnn nn nnn nnn nnn nn nnn nn nnn nnn nn nnn nnn nnn nnn nnn nn nnn $29.95-10% = $26.95 
Vintage Anthology, Revised Edition: by Dave Ishmael, WA6VVL, is a revised and updated version of Dave’s 
popular book. 209 pages of great information especially valuable to radio builders. Please Note: When the 
remaining stock is gone, this book will be out-of-print.--------------------------------------------- $21.95 - 10% = $19.75 


Ordering Information: 
Books are usually sent by USPS Media Mail 


Hollow State Design and Tube Type Transmitters are shipped for $6.00 each. 
Shortwave Receivers Past and Present is very heavy and shipping is $7.00. 


For other books, please add $5.50 shipping for one book and $1.00 for each 
additional book. Five books are shipped by media mail free to one address. 
Checks and money orders by US mail are fine. Overseas and Canadian Orders: 
Please inquire for shipping quotes. 


Available by Mail Order or on the Internet at www.ERmag.com 


Credit Cards Welcome via PayPal, Call or Email for Details 
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Subscription Information 


Published Monthly | 
The monthly Electric Radio mailing date is posted at www.ermag.com. 
Rates within the US: | 
Ist Class Rate: $47 (mailed in envelope) 
Periodicals Rate: $36 


Rates outside the US, by airmail only: 
Canada : US $54 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Friday 
Subscriptions and renewals maybe purchased online at 
WWW.ERMAG.COM 


email: Ray@ERmag.com 


Electric Radio 


Baseball Caps! 


Always popular, the Electric Radio 
baseball caps are a nice 6-panel all- 


cotton style with an adjustable rear 
headband and a3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 
Or On-Line: www.ERmag.com 
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Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested PERIODICAL 
5/18 


READY TO DOWNSIZE 
YOUR ESTATE? 


Estate planning for your ham, antique radio or 
audio equipment can be difficult. Take the 
stress off you and your family by calling us at 
816-455-5520 to see how we can help. 


We are a Midwest based online auction 
company with a global reach. 


Nationwide pickup services available. 


SCHULMAN 


AUCTION & REALTY, LLC 


A ern, 73, David Schulman, WDOERU 
HALLICRAFTERS SR-2000 HURRICANE 816-455-5520 oF 913-568-3767 
SOLD FOR $2,255 david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 


